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EDITOR'S  PREFACE 

TO  THE  FIRST  AMERICAN  EDITION. 


Ih  prepariDg  this  edition  of  Freeemns'  Qnantitative  Chemical 
Anal^siB,  the  editor  has  sought  by  varioos  changes  to  adapt  it  to 
the  waute  of  the  American  student. 

The  foreign  editions  have  attained  each  encyclopedic  dimen- 
sions ae  to  occasion  the  beginner  no  little  confusion  and  embarraas- 
ment.  For  this  reason  the  bulk  of  the  work  has  been  considerablj 
redaced.  A  few  processes  which  the  editor's  experience  has  con- 
vinced him  are  xmtmstworthy,  and  many  more  that  can  well  be 
spared  because  they  are  tedious  or  unnecessary,  have  been  omitted. 
The  entire  chapter  on  Analysis  of  Mineral  Waters,  excellent  as  it 
is,  has  been  suppressed  on  account  of  its  length,  and  because  the 
few  who  have  occasion  to  make  detailed  investigations  in  that 
direction  have  access  to,  the  original  sources  of  information. 

The  section  on  Organic  Analysis  has  been  reduced  from  sixty 
to  thirty  pages,  mainly  by  the  omission  of  processes  which,  from 
their  antiquity  or  inferiority,  are  more  carious  than  useful.  The 
chapters  on  Acidimetry  and  Alkalimetry  have  been  likewise  greatly 
condensed,  and  aU  that  especially  relates  to  Soils  aud  Ashes  of 
Plants  has  been  left  out.  The  recent  appearance  of  an  excellent 
special  treatise  on  "Agricultural  Chemical  Analysis"  by  Professor 
Caldwell,  of  Cornell  University,  justifies  the  last-mentioned  omis- 
sion. 

On  the  other  hand,  some  important  matter  has  been  added. 
BuDsen's  invaluable  new  methods  of  treating  precipitates  are 
described  in  his  own  (translated)  words.  Various  new  methods  of 
estimation  and  separation  are  incorporated  in  their  proper  places. 

The  editor  thankfully  acknowledges  his  indebtedness  to  several 
gentlemen  for  special  contributions  to  this  work,  viz. :  To  Dr.  J. 
lAwrence  Smith,  who  has  kindly  furnished  a  manuscript  aocoimt 
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of  his  admirable  method  of  fluxing  silicates  for  the  eetimation  of 
alkalies.  To  O.  D.  Allen,  Esq.,  late  chemist  to  the  Freedom  Iron 
Works,  Lewistown,  Pennsylvania,  for  copious  notes  of  his  exten- 
sive experience  in  tlie  analyses  of  steel,  iron,  and  iron  ores,  which 
have  been  freely  employed  in  §  229.  To  Mr.  William  G,  Mixter, 
chief  afisifitaut  in  the  Sheffield  Laboratory,  for  the  accomit  of  the 
gold  and  silver  assay.  To  Professor  Brash,  of  Yale  College,  Pro- 
fessor Collier,  of  Vermont  Uuivecsity,  and  B.  S.  Burton,  Esq.,  of 
Philadelphia,  for  various  important  facts  and  snggestions.  Jnst 
before  going  to  press.  Dr.  Wolcott  Gibbs  has  commnnicated  an 
account  of  hie  new  method  of  finding  at  once  the  total  correction 
for  temperature,  pressure,  and  moistnTe  in  absolute  detenninations 
of  nitrogen  or  other  gases,  which,  from  its  simplicity,  convenience, 
and  accuracy,  must  prove  of  the  highest  service  in  chemiatiy.  It 
will  be  found  in  the  Appendix,  p.  838. 

The  additions  which  have  been  made  to  the  methods  of  exam- 
ining ores,  it  is  believed,  adapt  the  work  to  meet  all  the  ordinary 
requirements  of  the  metallurgical  and  mining  student. 

The  editor's  additions  are  distinguished,  in  all  important  oases, 
by  encloenre  in  brackets,  [  ]. 

While  fully  recognizing  the  necessity  of  teaching  the  new 
notation  and  nomendature  of  chemistry,  the  editor  has  in  this 
book  retained  the  old  system,  because  it  is  identified  with  the 
chemical  literature  of  the  century,  and  cannot  be  speedily  forgot^ 
ten  by  practical  men.  At  a  time  when  the  most  elementary  text^ 
books  are  framed  on  the  "  modern"  system,  it  is  important  to  keep 
the  student  exercised  in  the  language  of  the  old  masters  of  the 
science,  which  is  still,  and  mnat  for  some  time  remain,  a  part  of 
the  vernacular  of  the  physician,  the  apothecary,  the  metallurgist, 
and  the  manufacturer. 

SAMUEL  W.  JOHNSON. 
BaxrwoLO  Labobatobi  or  Taia  Colx-bob,  Dec.,  1688; 
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EDITOR'S  PREFACE 

TO  THE  SECOND  AMERICAN  EDITION. 


In  the  preparation  of  tliis  edition  of  Freeenius'  Qoantitatire 
Analysis,  the  general  plan  announced  by  the  editor  of  the  first 
American  edition  in  the  preceding  preface  has  been  followed. 
Althongh  the  original  work,  as  it  appears  in  the  last  foreign 
editions,  has  heeai  somewhat  abridged,  it  is  believed  that  little 
which  is  nsefnl  to  the  stndent  has  been  omitted  from  the  present 
work.  All  processes  which  are  described  are  given  with  tlie  full 
details,  and,  with  few  exceptions,  as  far  as  practicable  in  the  lan- 
^age  nsed  by  the  anthor. 

The  desired  redaction  of  the  balk  of  the  original  treatise  has 
been  eftected  by  the  omission  of  one  or  more  processes  when 
several  are  given  for  the  same  purpose,  or  more  rarely  by  the 
entire  omission  of  a  whole  subject. 

The  subjects  omitted,  in  addition  to  those  mentioned  in  the 
preceding  preface,  are :  "  The  Determination  of  the  Equivalent  of 
Organic  Oomponnda,"  "  The  Assay  of  Silver  Ores,"  and  "  The 
Assay  of  Gold  Ores."  On  the  other  hand,  many  new  processes 
and  modifications  of  old  processes  appearing  in  the  recently  pub- 
lished first  Tolnme  of  the  sixth  German  edition  are  included,  and 
may  be  regarded  as  valuable  additions  to  the  General  Part. 

Additions  made  by  the  editors  are  nsoally  distingoished  by  en- 
closure in  brackets  [  ]. 

The  more  important  additions  of  this  kind  are  in  those  chap- 
ters (in  the  Special  Part)  which  treat  of  the  analysis  of  products 
pertaining  to  the  Metallurgy  of  Iron  and  to  Commercial  Fertilizers. 

The  entire  chapter  on  the  latter  subject  has  been  prepared  by 
Professor  S.  W.  Johnson  and  Dr.  E.  H.  Jenkins,  Chemist  of  the 
CmnecticQt  Agricnltural  Experiment  Station.     It  describes  the 
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methoda  and  plans  of  analysie  adopted  in  that  inetitntion  after 
much  experience  and  reeearc}i. 

The  new  system  of  chemica]  notation  and  nomenclature  is 
cmplojed  thronghont  the  book,  although  the  old  sjBtem  is  still 
retained  even  in  the  last  foreign  editions.  It  is  confidently  be- 
heved  that  this  change,  bo  long  deferred  for  reasons  perhaps 
sufficiently  valid,  can  at  the  present  time  be  made  with  advantage 
to  the  student  and  instractor. 

The  editor  is  under  obligation  to  Messrs.  W.  J,  Oomstock  and 
A.  B.  Howe,  Ph.D.,  instmctors  in  the  Sheffield  Laboratoiy,  and 
to  ProfesBor  W,  G.  Mixter,  of  the  Sheffield  ScieutiEe  School,  for 
information  and  advice  which  their  oxperience  has  enabled  them 
to  give  regarding  many  proceeees,  and  for  valuable  aedstance  in 
variooe  other  ways. 

The  task  of  preparing  this  edition  was  undertaken  and  carried 
out  with  the  generons  eo-eperation  of  Profeeaor  S.  W.  Johnson. 
To  him,  therefore,  most  especially  are  dne  thanks  from  the  editor 
and  from  those  who  may  beheve  that  they  find  any  advantage  in 
the  poBseBBion  of  the  book  in  its  present  form. 

O.  D.  ALLEN. 
OuBiJiMLDXiABOKATOBTOvTALaCoLLBffli,  Fel).,  1881. 
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As  we  have  already  seen  in  the  "  Manual  of  Qualitative  Analy- 
ais," — to  which  the  present  work  may  be  regarded  as  the  sequel, 
— Ohemical  Analyaie  comprieee  two  branches,  viz. :  qiiolitati'W 
analysis  and  qua/rUitative  analysia,  the  object  of  the  former  being 
to  ascertain  the  nature,  that  of  the  latter  to  determine  the  amount, 
of  the  several  component  parts  of  any  componnd. 

By  QnALTTATTVE  ANALYSIS  wc  convort  the  unknovni  constitnente 
of  a  body  into  certain  knovm  forms  and  combinations  ;  and  we  are 
thofl  enabled  to  draw  correct  inferences  respecting  the  nature  of 
these  unknown  conetitnenta.  Quantitative  analysis  attains  its  ob- 
ject, according  to  circumatances,  often  by  very  different  ways ;  the 
two  methods  moat  widely  differing  from  each  other,  are  analysia 
h/  weight,  or  gra/oimef/ric  analysis,  and  analysia  iy  measure,  or 
v(^Aj/metric  analysis. 

Gbavimetkic  analysis  has  for  its  object  to  convert  the  Janoum 
constituents  of  a  substance  into  forms  or  combinations  which  will 
admit  of  tbe  mc«t  exact  determination  of  their  weight,  and  of 
which,  moreover,  the  composition  is  accurately  known.  These  new 
forms  or  combinations  may  be  either  educts  from  the  analyzed  sub- 
stance, or  they  may  be  j>rodiicts.  In  the  former  case  the  ascer- 
tained weight  of  the  eliminated  substance  is  the  direct  expressioh 
of  the  amount  in  which  it  existed  in  the  compound  under  exami- 
nation ;  whilst  in  the  latter  case,  that  is,  when  we  have  to  deal  with 
prodticis,  the  quantity  in  which  the  eliminated  constituent  was  ori- 
ginally present  in  the  analyzed  componnd,  has  to  be  deduced  by 
calculation  from  the  quantity  in  which  it  exists  in  its  new  com- 
bination. 

The  following,  example  will  serve  to  illustrate  theee  points : — 
Suppose  we  wish  to  determine  the  quantity  of  mercui?  contained 
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in  the  chloride  of  that  metal ;  now,  we  may  do  this,  either  hj  pre- 
cipitating the  metallic  mercoiy  from  the  solution  of  the  chloride, 
eay  by  means  of  stannons  chloride ;  or  we  may  attain  oar  object  by 
precipitating  the  solution  by  sulphuretted  hydrogen,  and  weighing 
the  precipitated  mercuric  sulphide.  100  parts  of  mercuric  chloride 
consist  of  73'82  of  mercury  and  26*18  of  chlorine;  consequently, 
if  the  process  is  conducted  with  absolute  accuracy,  the  precipitation 
of  mercury  in  100  parts  of  mercuric  chloride  by  stannous  chloride 
will  yield  73'82  parts  of  metallic  mercury.  With  equally  exact 
manipulation  the  other  method  yields  85*634  parts  of  mercuric 
sulphide. 

Now,  in  the  former  case  we  find  the  number  73*82  directly ;  in 
the  latter  case  we  have  to  deduce  it  by  calculation : — (100  parts  of 
mercuric  sulphide  contain  86*207  parts  of  mercury ;  how  much 
mercury  do  85*634  parts  contain  1) 

100 :  85-634 ::  86*207 ;  OJ  -  fl!  =  73*82. 

As  already  hinted,  it  is  absolutely  indispensable  that  the  forms 
into  which  bodies  are  converted  for  the  purpose  of  estimation  by 
weight  should  fulfil  two  conditions :  first,  they  must  be  capable  of 
being  weighed  exactly ;  secondly,  they  must  be  of  known  composi- 
tion, — for  it  is  quite  obvious,  on  the  one  hand,  that  accurate  quan- 
titative analysis  must  be  altogether  impossible  if  the  substance  the 
quantity  of  which  it  is  intended  to  ascertain,  does  not  admit  of 
correct  weighing;  and  on  the  other  hand,  it  is  equally  evident  that 
if  we  do  not  know  the  exact  composition  of  a  new  product,  we  lack 
the  necessary  basis  of  oar  calculation. 

ToLCMETBio  AKALTBis  IS  bascd  upoH  a  VBTj  different  principle 
from  that  of  gravimetric  analysis ;  viz.,  it  effects  the  quantitative 
determination  of  a  body,  by  converting  it  from  a  certain  definite 
state  to  another  equally  definite  state,  by  means  of  a  fluid  of  accu- 
rately known  power  of  action,  and  under  circumstances  which  per- 
mit the  analyst  to  mark  with  rigorous  precision  the  exact  point 
when  the  conversion  is  accomplished.  The  following  example  will 
serve  to  illustrate  the  principle  of  this  method : — Potassium  per- 
manganate added  to  a  solution  of  ferrous  sulphate,  acidified  with 
sulphuric  acid,  immediately  converts  the  ferrous  sulphate  into  fer- 
:ric  sulphate;  the  permanganic  acid,  which  is  characterized  by  its 
iintense>edlor,  .yielding  up  oxygen  and  forming  with  the  free  sul-. 
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pliiirie  acid  present  colorless  nian^iiouG  sii'.Dl.ate.  If,  therefore, 
to  an  acidified  fluid  containing  a  ferrous  sait  we  add,  drop  by  drop, 
a  solntion  of  potasaium  pennanganate,  ita  red  color  continues  for 
some  time  to  disappear  upon  stirring ;  but  at  last  a  point  is  reached 
vvlien  the  coloration  impai-ted  to  the  flnid  by  the  last  drop  added 
i-einains :  this  point  marks  the  termination  of  the  conversion  of  tlic 
ferrous  salt  into  a  ferric  salt. 

If  now  we  convert  a  known  weight  of  iron  into  a  ferrous  sul- 
phate by  dippolving  it  in  dilute  siilplmric  acid,  and  ascertain  by 
suitable  measuring  apparatus  the  volume  of  a  solution  of  potassium 
jiermanganate  i-equired  to  convert  the  ferrous  sulphate  to  ferric 
Fulphate,  we  can  by  means  of  this  permanganate  solution  determine 
unknown  quantities  of  ferrous  iron  in  a  solution.  This  is  accom- 
plished by  adding  the  permanganate  solution  until  the  above  de- 
scnbcd  reaction  is  completed,  and  noting  the  volume  used.  The 
amount  of  iron  present  can  now  be  calculated  by  comparing  the 
volume  used  with  tliat  used  when  a  known  quantity  of  ii'on  was 
present,  aB  the  weight  of  iron  must  in  both  cases  be  proportional  to 
volume  of  permanganate  used. 

To  this  brief  intimation  of  the  general  purport  and  object  of 
quantitative  analysis,  and  the  general  mode  of  proceeding  in  ana- 
lytical researches,  I  have  to  add  that  certain  qualifications  are  essen- 
tial to  those  who  would  devote  themselves  successfully  to  the 
pursuit  of  this  branch.  These  qualifications  are,  1,  theoretical 
knowledge ;  2,  skill  in  manipulation ;  and  8,  strict  conscientious- 
ness. 

The  preliminary  hnowled^e  required  consists  in  an  acquaintance 
with  qualitative  analysis,  the  stoTcbioinetrie  laws,  and  simple  arith- 
metic. Thus  prepared,  we  shall  understand  the  method  by  whicli 
bodies  are  separated  and  determined,  and  we  shall  be  in  a  position 
to  perform  our  caicu  hit  ions,  by  which,  on  the  one  hand,  the  fonuu- 
he  of  compoimds  are  deduced  from  the  analytical  results,  and,  on 
the  other  hand,  the  correctness  of  the  adopted  methods  is  tested, 
and  the  results  obtained  are  controlled.  To  this  hnowledge  must 
1k!  joined  the  ability  of  performing  the  necessa/ry  pravticul  opera- 
tions.  This  axiom  generally  holds  good  for  all  applied  sciences, 
but  if  it  is  ti-ue  of  one  more  than  another,  quantitative  analysis  is 
that  one.  The  most  extensive  and  solid  theoretical  acquirements 
will  not  enable  us,  for  instance,  to  determine  the  amount  of  com- 
mon sait  present  in  a  solution,  if  we  are  without  the  requisite  dex- 
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terity  to  transfer  a  fluid  from  one  vessel  to  another  withont  the 
Binalleet  loss  by  epirtiiig,  running  down  the  side,  &c.  The  rariouB 
operations  of  quantitative  analysis  demand  great  aptitnde  and  man- 
ual skill,  whicli  can  he  acquired  only  hy  practice.  Bnt  even  the 
possesaion  of  the  gi-eatest  practical  skill  in  inanipnlation,  joined  to 
;l  thorough  theoretical  knowledge,  will  atill  prove  insufficient  to 
insure  a  successful  pnrsuit  of  quantitative  researches,  niiless  also 
combined  with  a  »incere  love  of  truth  and  a  firm,  determination 
to  accept  lume  hut  thorovghly  a/Hfirmed  results. 

Every  one  who  haa  been  engaged  in  quantitative  analysis  knows 
that  cases  will  eunictimes  occur,  especially  when  commencing  the 
study,  in  which  doubts  may  be  entertained  as  to  whether  the  rcsnlt 
will  turn  out  correct,  or  in  which  even  the  operator  is  positiv^ 
convinced  that  it  cannot  he  quite  correct.  Thus,  for  instance,  a 
small  portion  of  the  substance  under  investigation  may  be  spilled  ; 
or  some  of  it  lost  by  decrepitation  ;  or  the  analyst  may  have  reuBon 
to  doubt  the  accuracy  of  his  weighing ;  or  it  may  happen  that  two 
analyses  of  the  same  substance  do  not  exactly  agree.  In  all  each 
cases  i'j  is  indispensable  that  the  operator  should  be  conscientious 
enough  to  repeat  the  whole  process  over  again.  He  who  is  not 
possessed  of  tliis  self-command — who  shirks  trouble  where  troth  ia 
at  stake — who  would  be  satisfied  with  mere  asanmptions  and  guess- 
work, where  tlie  attainment  of  positive  certainty  is  the  object,  must 
be  pronounced  jupt  as  deficient  in  the  necessary  qualificalione  for 
quantitative  analytical  researches  as  he  who  is  wanting  in  knowl- 
edge or  pkill.  He,  therefoi-e,  who  cannot  fully  tnist  his  work — 
who  cannot  sweur  to  the  cori-ectuess  of  his  results,  may  indeed  oc- 
cupy hiuisolf  with  quantitative  analysis  by  way  of  practice,  but  he 
ought  on  no  account  to  publish  or  use  his  results  as  if  they  were 
jKisitive,  since  such  proceeding  could  not  conduce  to  his  own  ad- 
vjmtage,  and  would  certainly  be  mischievous  as  regards  the  science. 

The  domain  of  quantitative  analysis  may  he  said  to  extend  over 
all  matter — that  is,  in  otiier  words,  anything  corporeal  may  become 
the  object  of  quantitative  investigation.  The  present  work,  how- 
ever, is  intended  to  embrace  onlj'  the  substances  used  in  pharmacy, 
arts,  trades,  and  agriculture. 

Quantitative  analysis  may  be  subdivided  into  two  branches,  viz., 
analysis  of  niia^turea,  and  analysis  of  chemical  compounds.  This 
division  may  appear  at  first  sight  of  very  email  moment,  yet  it  is 
necessary  that  we  should  establish  and  maintain  it,  if  wc  would 
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form  a  clear  conception  of  the  value  and  utility  of  qaantitative 
research.  The  quantitative  analysiB  of  mixtures,  too,  liae  not  the 
Baine  aim  as  that  of  chemical  componudB ;  and  the  method  applied 
to  secure  the  correctness  of  the  reanlts  in  the  former  case  is  dif- 
ferent from  that  adoptod  in  tlie  latter.  The  quantitative  analysis 
of  chemical  compounds  also  rather  snbservee  the  purposes  of  the 
science,  whilst  that  of  mixtures  belongs  to  the  practical  purposes  of 
Ufa  If,  for  instance,  I  analyze  the  salt  of  an  acid,  the  result  of 
the  analysis  will  give  me  the  constitution  of  that  acid,  its  com- 
bining proportion,  saturating  capacity,  &c. ;  or,  in  other  words,  the 
results  obtained  will  enable  me  to  answer  a  eerie«  of  questions  of 
which  the  solution  is  important  for  the  theory  of  chemical  science : 
but  if,  on  the  other  band,  I  analyze  gunpowder,  alloys,  medicinal 
mixtures,  ashes  of  plants,  &c.,  &c.,  I  liave  a  very  different  object 
in  view ;  I  do  not  want  in  such  cases  to  apply  the  results  whidi  I 
may  obtain  to  the  solution  of  any  theoretical  question  in  chemistry, 
but  I  want  to  reader  a  practical  service  either  to  the  arts  and 
industries,  or  to  some  other  scienca  If  in  the  analysis  of  a  chemi- 
cal compound  I  wish  to  control  the  results  obtained,  I  may  do  this 
in  most  cases  by  means  of  calculations  based  on  stoichiometric 
data,  but  m  the  case  of  a  mixture  a  second  analysis  is  necessaty  to 
con£i-m  the  correctness  of  the  results  afforded  by  the  first. 

The  preceding  remarks  clearly  show  the  immense  importance 
of  quantitative  analysis.  It  may,  indeed,  be  averred  that  chemistry 
owes  to  this  branch  its  elevation  to  the  rank  of  a  science,  since 
quantitative  researches  have  led  us  to  discover  and  determine  the 
laws  which  govern  the  combinations  and  transpositions  of  the  ele- 
ments. Stoichiometry  is  entirely  based  upon  the  results  of  quan- 
titative investigations ;  all  rational  views  respecting  the  constitution 
of  compounds  rest  upon  them  as  the  only  safe  and  solid  basis. 

Quantitative  analysis,  therefore,  forms  the  strongest  and  most 
powerful  lever  for  chemistry  as  a  science,  and  not  less  so  for  chemis- 
try in  its  applications  to  the  practical  purposes  of  life,  to  trades,  arts, 
manufactures,  and  likewise  in  its  application  to  other  sciences.  It 
teaches  the  mineralogist  the  true  nature  of  minerals,  and  suggests 
to  him  principles  and  rules  for  their  recognition  and  classification. 
It  is  an  indispensable  auxiliary  to  the  physiologist ;  and  agriculture 
has  already  derived  much  benefit  from  it ;  but  far  greater  benefits 
may  be  predicted.  We  need  not  expatiate  here  upon  the  advan- 
fciges  which  medicine,  pharmacy,  and  every  branch  of  industry 
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derive,  either  directly  or  indirectly,  from  the  practical  application 
of  ite  results.  On  the  other  hand,  the  benefit  tbuB  bestowed  by 
quantitative  analysis  upon  the  various  sciences,  arts,  etc.,  has  been 
in  a  measure  reciprocated  by  some  of  them.  Thus  whilst  stoichto- 
metry  owes  its  establishment  to  quantitative  analysis,  the  stoichio- 
metric laws  afford  us  the  means  of  controlling  the  resnlte  of  oar 
analyses  so  accurately  aa  to  justify  the  reliance  which  we  now  gen- 
erally place  on  them.  Again,  whilst  quantitative  analysis  has 
advanced  the  progress  of  arts  and  iudostry,  our  manufacturers  in 
return  supply  as  with  the  most  perfect  platinum,  glass,  and  por- 
celain vessels,  and  with  articles  of  india-rabber,  without  which  it 
would  be  next  to  impossible  to  conduct  our  analytical  operations 
with  the  minuteness  and  accuracy  which  we  have  now  attained. 

Although  the  aid  winch  quantitative  analysis  thus  derives 
from  stoichiometry,  and  the  arts  and  manufactures,  greatly 
facilitates  its  practice,  and  although  many  determinations  are  con- 
siderably abbreviated  by  volumetric  analysis,  it  must  be  admitted, 
notwithstanding,  that  the  pursuit  of  this  branch  of  chemistry 
requires  considerable  expenditure  of  time.  This  remark  appUes 
especially  to  those  who  are  commencing  the  study,  for  they  must 
not  allow  their  attention  to  be  divided  upon  many  things  at  one 
time,  otherwise  the  accuracy  of  tlieir  results  will  be  more  or  lees 
injured.  I  would  therefore  advise  every  one  desirous  of  becoming 
an  analytical  chemist  to  arm  himself  with  a  cousiderable  share  of 
patience,  reminding  him  that  it  is  not  at  one  bound,  but  gradually, 
and  step  by  step,  that  the  student  may  hope  to  attain  the  neces- 
sary certainty  in  his  work,  the  indispensable  self-reliance  which 
can  alone  be  founded  on  one's  own  results.  However  mechanical, 
protracted,  and  tedious  the  operations  of  quantitative  analysis  may 
appear  to  be,  the  attainment  of  accuracy  will  amply  compensate 
for  the  time  and  labor  bestowed  upon  them  ;  whilst,  on  the  other 
hand,  nothing  can  be  more  disagreeable  than  to  find,  after  a  long 
and  laborious  process,  that  our  results  are  incorrect  or  uncertain. 
Let  him,  therefore,  who  would  render  the  study  of  quantitative 
analysis  agreeable  to  himself,  from  the  very  outset  endeavor,  by 
strict,  nay,  scnipulous  adherence  to  the  conditions  laid  down,  to 
attain  correct  results,  at  any  sacrifice  of  time.  1  scarcely  know  a 
better  and  more  immediate  reward  of  labor  than  that  which  springs 
from  the  attainment  of  accurate  results  and  perfectly  correspond- 
ing analyses.     The  satisfaction  enjoyed  at  the  success  of  our  effoits 
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la  sarel;  ia  itself  a  BuEBcient  motive  for  the  oecessary  «xpeiiditu  1*6 
of  time  and  labor,  even  without  looking  to  the  practical  benefits 
which  we  may  derive  from  our  operations. 

Tlie  following  are  the  fiubstauces  treated  of  in  this  work : — 

I.  Metalloids,  or  Non-Metallic  Elements. 

Oxygen,  Hydrogen,  Sulphur,  [Selenium,^  Phosphorue,  Chlo- 
rine, Iodine,  Bromine,  Fluorine,  Nitrogen,  Boron,  Silicon,  Car- 
bon. 

II.  Mbt&lb. 

Potassium,  Sodium,  [Zdthiufn,']  Barium,,  Strontium.,  Calcium, 
Magnesium.,  Aluminium,  Chromium^  [Titanium^  Zinc,  Manga- 
nsae,  A'icl-cl,  Cobalt,  Iron,  [Uranium,]  Silver,  MerGury,  Lead, 
Copper,  Bism.uth,  Cadmium.,  [Palladium,']  Gold,  Platinum,  Tin, 
Antimony,  Arsenic,  [Molybdenum]. 

(The  elements  enclosed  within  brackets  are  considered  in  sap- 
plementarj  paragraphs,  and  more  briefly  than  the  rest) 

I  have  divided  my  subject  into  three  parta.  In  the  first,  I  treat 
of  quantitative  analysis  generally ;  describing  the  execution  of  anal- 
ysis. In  the  second,  I  give  a  detailed  description  of  several  special 
aual^-tical  processes.  And  in  the  third,  a  number  of  carefully  se- 
lected examples,  which  may  serve  as  exercises  for  the  groondwork 
of  the  study  of  quantitative  analysis. 

The  following  table  will  afford  the  reader  a  dear  and  definite 
notion  of  the  contents  of  the  whole  work : — 

I.  GENERAL  PART. 

1.  Operations. 

2.  Reagents. 

3.  Forms  and  combinationB  in  which  bodies  are  separated  from 
othei3,  or  iu  which  their  weight  is  deteiTiined. 

4.  Determination  of  bodies  in  simple  oompoondB. 

5.  Separation  of  bodies. 

6.  Organic  elementary  analysis. 
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n.  SPECIAL  PART. 

1.  Analysis  of  wateis. 

2.  Analysis  of  Budi  minerals  and  teobmeal  prodacts  as  are  most 
frequently  brought  under  the  notice  of  the  chemist ;  indadini; 
mediods  for  ascertaining  their  commercial  v&lae. 

3.  Analysis  of  atmospheric  ur. 

m.  EXERCISES  FOR  PRAOTIGE. 


1.  Analytical  experiments. 
S.  Calcnlation  of  analyses, 
3.  Tables  for  calculation. 
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THE   EXECUTION   OF  ANALYSIS. 


BEOTIOlSr  I. 

OPERATIONS. 


Jtf  08T  of  the  operations  performed  in  quantitative  research  are  the 
Bame  aa  in  qualitative  analysis,  and  have  been  accordingly  described 
in  my  work  on  that  branch  of  analytical  science.  With  respect  to 
snch  operations  I  shall,  therefore,  confine  myself  here  to  pointing 
ont  any  modifications  they  may  require  to  adapt  them  for  applica- 
tion in  the  quantitative  branch  ;  but  I  sliall,  of  course,  give  a  full 
description  of  snch  as  are  resorted  to  exclusively  in  quantitative 
investigations.  Operations  forming  merely  part  of  certain  speci- 
fic processes  will  be  found  described  in  the  proper  place,  under  the 
bead  of  such  processes. 

I.    DBTEBMmATtON  OF   QoANTTrr. 


The  quantity  of  solids  is  usually  determined  hj  weight;  the 
quantity  of  gases  and  fiuids,  in  many  cases  by  meaewre ;  upon  the 
care  and  accuracy  with  which  these  operations  are  performed,  de- 
pends the  value  of  all  our  results ;  I  shall  therefore  dwell  minutely 
upon  them, 

§3. 

1.  Weighing. 
To  enable  ua  to  determine  with  precision  the  correct  weight  of 
a  substance,  it  is  indispensable  that  we  shonld  possess,  Ist,  a  good 
BALANCE,  and  2d,  accurate  weights. 
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.  The  Balaj4ce. 


Fig.  1  represents  a  form  of  balance  well  adapted  for  analytical 
purposes.  Tliere  are  several  pointe  respecting  the  construction 
and  properties  of  a  good  balance,  whicb  it  is  absolutely  necessary  for 
every  cbemist  to  understand.  The  usefulness  of  this  instrument 
depends  upon  two  points :  1st,  its  accuracy,  and  2d,  its  sensibility 
or  delicacy. 

%  *- 

The  AOCDBACY  of  a  balance  depends  upon  the  following  condi- 
tions : — 

a.  TkefvlcTu-m  or  the  point  an  which  the  beam  reata  must  lie 
above  the  centre  of  gra/oity  of  the  hala?ice. 


This  is  in  fact  a  condition  essential  to  every  balance.  If  the 
fulemm  were  placed  in  the  centre  of  gravity  of  the  balance,  tliu 
beam  would  not  oscillate,  bnt  remain  in  any  position  in  which  it  is 
placed,  assuming  the  scales  to  be  equally  loaded.  If  the  fulcrum 
be  placed  Idow  the  centre  of  gravity,  the  balance  will  be  overset 
by  the  slightest  impulse. 

When  the  fulcrum  is  above  the  centre  of  gravity  the  balance 
represents  a  pendulum,  the  length  of  which  is  equal  to  that  of  the 
line  uniting  the  fulcnim  with  the  centre  of  gravity,  and  tliis  line 
forms  right  angles  with  the  beam,  in  whatever  position  the  latter 
may  be  placed.  Now  if  we  impart  an  impetus  to  a  ball  suspended 
by  a  thread,  tlie  ball,  after  having  terminated  its  vibrations,  will 
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invariably  rest  in  its  original  perpendicular  positioiL  ander  tlic 
point  of  snBpensioo.  It  is  the  same  with  a  properly  adjusted  bal- 
ance— impart  an  impetus  to  it,  and  it  will  oscillate  for  some  time, 
bnt  it  will  invariably  return  to  its  original  position ;  in  otber 
words,  its  centre  of  gravity  will  finally  fall  back  into  its  perpen- 
dicular position  under  the  fulcrum,  and  the  beam  must  consequently 
reaasume  the  horizontal  {xisition. 

But  to  judge  correctly  of  the  force  with  which  this  is  accom- 
plished, it  must  be  borne  in  mind  that  a  balance  is  not  a  simple 
pendulnm,  but  a  compound  one,  *.  «,,  a  pendulum  in  which  not 
one,  bat  many  material  points  move  round  the  turning  point.  The 
inert  mass  to  be  moved  is  accordingly  equal  to  the  sum  of  these 
points,  and  the  moving  force  is  equal  to  the  excess  of  the  material 
points  below,  over  those  above  the  fulcrum. 

/f.  The  2>oint8  of  stiapenaion  of  the  scales  must  he  on  an  exact 
levd  with  thefidcrum.  If  the  fulcrum  be  placed  below  the  line 
joining  the, points  of  suspension,  increased  loading  of  the  scales 
will  continually  tend  to  raise  the  centre  of  gravity  of  the  whole 
system,  so  as  to  bring  it  nearer  and  nearer  the  fulcrum  ;  the  weight 
which  presses  upon  the  scales  combining  in  the  relatively  high- 
placed  points  of  suspension ;  at  last,  when  the  scales  have  been 
loaded  to  a  certain  di^ree,  the  centre  of  gravity  will  shift  alto- 
gether to  the  fnlcmm,  and  the  balance  will  consequently  ceaae  to 
vibrate— any  further  addition  of  weight  will  finally  overset  the 
beam  by  placing  the  centre  of  gravity  above  the  fulcrum.  If,  on 
the  other  hand,  the  fulcrum  be  placed  above  the  line  joining  the 
points  of  suspension,  the  centre  of  gravity  will  become  more  and 
more  depressed  in  proportion  as  the  loading  of  the  scales  is  in- 
creased ;  the  line  of  the  pendulum  will  consequently  be  length- 
ened, and  a  greater  force  will  be  required  to  produce  an  equal 
turn;  in  other  words,  the  balance  will  grow  less  sensitive  the 
greater  the  load.  But  when  the  three  edges  are  in  one  plane,  in- 
creased loading  of  the  scales  will,  indeed,  continually  tend  to  raise 
the  centre  of  gravity  towards  the  fulcrum,  but  the  former  can  in 
this  case  never  entirdy  reach  the  latter,  and  consequently  the  bal- 
ance will  never  altogether  cease  to  vibrate  upon  the  further  addi- 
tion of  weight,  nor  will  its  sensibility  be  lessened  ;  on  the  contrary 
— speaking  theoretically — a  greater  degree  of  sensibility  is  im- 
parted to  it.  This  increase  of  sensibility  is,  however,  compensated 
for  by  other  circumstancos.    {See  §  5.) 
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y.  J%e  hea/m  must  he  sufficiently  rigid  to  hear  without  hending 
the  greatest  weight  that  the  construction  of  the  halanee  admits  of ; 
since  the  bendiiijf  of  the  beam  would  of  course  depress  the  points 
of  snspension  so  as  to  place  them  below  the  fulcrnm,  and  this 
would,  as  we  have  jnst  seen,  tend  to  diminiBh  the  sensibility  of  tlie 
balance  in  proportion  to  the  increase  of  the  load.  It  is,  therefore, 
necessary  to  avoid  this  fault  by  a  proper  constmction  of  the  beam. 
The  form  best  adapted  for  beams  is  that  of  an-  isosceles  obtuse- 
angled  triangle,  or  of  a  rhombus. 

S.  The  arms  of  the  halanee  must  he  of  equal  length,  i.  e.,  the 
points  of  suspension  must  he  equidistant  from  thefttlcrum,  for  if 
the  arms  are  of  unequal  length  the  balance  will  not  be  in  equili- 
brium, supposing  the  scales  to  be  loaded  with  equal  weights,  but 
there  will  be  preponderance  on  the  side  of  the  longer  ann. 

§5- 

The  BEKSiBiLiTT  of  a  balance  depends  principally  upon  the  three 
following  conditions : — 

a.  The  friction  of  the  edges  upon  their  supports  must  he  as 
slight  OB  possible.  The  greater  or  less  friction  of  the  edges  upon 
their  supports  depends  upon  both  the  fonii  and  material  of  those 
paiis  of  the  balance.  The  edges  must  be  made  of  good  steel,  the 
supports  may  be  made  of  the  same  material ;  it  is  better,  however, 
that  the  centre  edge  at  least  should  rest  upon  an  agate  plane.  To 
form  a  clear  coni^ption  of  how  necessary  it  ie  that  even  the  end 
edges  should  have  as  little  friction  as  possible,  we  need  simply 
reflect  upon  what  would  happen  were  we  to  fix  the  scales  immov- 
hly  to  the  beam  by  means  of  rigid  rods.  Such  a  contrivance 
would  at  once  altogether  annihilate  the  Fensibility  of  a  balance,  for 
if  a  weight  were  placed  upon  one  scale,  this  certainly  wonld  have 
a  tendency  to  sink ;  but  at  the  same  time  the  connecting  rods  be- 
ing compelled  to  form  constantly  a  right  angle  with  the  beam,  the 
weighted  scale  would  incline  inwards,  whilst  the  other  scale  would 
turn  outwards,  and  thus  the  arms  woold  become  unequal,  the 
shorter  arm  being  on  the  side  of  the  weighted  scale,  whereby  the 
tendency  of  the  latter  to  sink  would  be  immediately  compensated 
for.  The  more  considerable  the  friction  becomes  at  the  end  edges 
of  a  balance,  the  more  the  latter  approaches  the  state  just  now 
described,  and  consequently  the  more  is  its  sensibility  impaired. 

/3.   The  centre  of  gravity  must  he  as  near  as  possible  to  theful- 
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erum.  The  nearer  the  centre  of  gravity  approaches  the  fnlcnim^ 
the  eliorter  beeotneB  the  pendulum.  If  we  take  two  balls,  the  one 
sDHpended  hy  a  short  and  the  other  b;  a  long  thread,  and  impart 
the  same  impetus  to  both,  the  former  will  naturally  swing  at  a  far 
greater  angle  from  its  perpendicular  position  than  the  latter.  The 
same  mnst  of  course  happen  with  a  balance  ;  the  same  weight  will 
canse  the  scale  upon  which  it  is  placed  to  turn  the  more  rapidly 
and  completely,  the  shorter  the  distance  between  the  centre  of 
grarity  and  the  fulcrum.  We  hare  seen  above,  that  in  a  balance 
where  the  three  edges  are  on  a  level  with  each  other,  increased 
loading  of  the  scales  will  eootinnally  tend  to  raise  the  centre  of 
gravity  towards  the  fulcrom.  A  good  balance  will  therefore  be- 
come more  delicate  in  proportion  to  the  increase  of  weights  placed 
upon  its  scales ;  but,  on  the  other  hand,  its  sensibility  will  be  di- 
minished in  about  the  same  proportion  by  the  increment  of  the 
mass  to  be  moved,  and  by  the  increased  friction  attendant  upon 
the  increase  of  load ;  in  other  words,  the  delicacy  of  a  good  balance 
will  remain  the  same,  whatever  may  be  the  load  placed  upon  it. 
The  nearer  the  centre  of  gravity  lies  to  the  fnlcrum,  the  slower  are 
the  oeciUations  of  the  balance.  Henoe  in  regalating  the  position 
of  the  centre  of  gravity  we  most  not  go  too  far,  for  if  it  ap- 
proaches the  fulcrom  too  nearly,  the  operation  of  weighing  will 
take  too  much  time. 

y.  The  heam  nvuat  he  ae  light  as  poaaUiU.  The  remarks  which 
we  liave  just  now  made  will  likewise  show  how  far  the  weight  of 
the  beam  mayinflaence  the  sensibility  of  a  balance.  We  have  seen 
that  if  a  balance  is  not  actually  to  become  less  delicate  on  increased 
loading,  it  must  on  the  one  hand  have  a  tendency  to  become  more 
delicate  by  the  eontinnal  approach  of  the  centre  of  gravity  to  the 
falcnim.  Now  it  is  evident,  that  the  more  considerable  the  weight 
of  the  beam  is,  the  less  will  an  equal  load  placed  upon  both  scales 
alter  the  centre  of  gravity  of  the  whole  system,  the  more  slowly 
will  the  centre  of  gravity  approach  the  fulcmm,  the  less  will  the 
increased  friction  be  neutralized,  and  consequently  the  less  sensi- 
bility  will  the  balance  possess.  Another  point  to  be  taken  into 
account  here  is,  that  the  moving  forces  being  equal,  a  lesser  mass 
or  weight  is  more  readily  moved  than  a  greater.     (§  4  a.) 

§6- 
We  will  now  proceed,  first,  to  give  the  student  a  few  genera] 
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niiea  to  guide  him  in  the  pnrcliase  of  a  balance  intended  for  the 
purposes  of  qaantitative  analysis ;  and,  secondly,  to  point  out  tlie 
best  method  of  testing  the  accuracy  and  sensibility  of  a  balance. 

1.  A  balance  able  to  bear  70  or  80  grammes  in  each  scale,  euf- 
iices  for  most  purposes. 

2.  Tlie  balance  must  be  enclosed  in  a  glass  case  to  protect  it 
fi'om  dust.  This  case  ought  to  be  sufficiently  large,  and,  more 
especially,  its  sides  should  not  approach  too  near  the  scales.  It 
must  be  constructed  in  a  manner  to  admit  of  its  being  opened  and 
closed  with  facility,  and  thus  to  allow  the  operation  of  weighing 
to  be  effected  without  any  distarbing  influence  from  currents 
of  air.  Therefore,  either  the  front  part  of  the  case  should  consist 
of  three  parts,  viz.,  a  fixed  centre  part  and  two  lateral  parts,  open- 
ing like  dooi's ;  or,  if  the  front  part  happens  to  be  made  of  one 
piece,  and  arranged  as  a  sliding-door,  the  two  sides  of  the  case  must 
be  provided  each  with  a  door. 

3.  The  balance  must  be  provided  with  a  proper  contrivance  to 
render  it  immovable  whilst  the  weights  are  being  placed  upon  the 
scale.  This  is  most  commonly  effected  by  an  arrangement  which 
enables  the  operator  to  lift  up  the  beam  and  thus  to  remove  the 
middle  edge  from  its  support,  whilst  the  scales  remain  suspended. 

It  is  highly  advisable  to  have  the  case  of  the  balance  so  arranged 
that  the  contrivances  for  lifting  the  beam  and  fixing  the  scales  can 
be  worked  while  the  case  remains  closed,  and  consequently  from 
without. 

4.  It  is  necessary  that  the  balance  should  he  provided  with  an 
index  to  mark  its  oscillations;  this  index  is  appropriately  placed  at 
the  bottom  of  the  balance. 

5.  The  balance  must  be  provided  with  a  spirit  level,  to  enable 
the  operator  to  place  the  three  edges  on  an  exactly  horizontal  level ; 
it  is  best  also  for  this  purpose  that  the  case  should  rest  upon  three 
screws, 

0.  It  is  very  desirable  that  the  beam  should  be  graduated  into 
tenths,  so  as  to  enable  tlie  operator  to  weigh  the  milligramme  and 
its  fractions  with  a  centigramme  "  rider."* 

7.  The  balance  must  be  provided  with  a  screw  to  regulate  the 
centre  of  gravity,  and  likewise  with  two  screws  to  regulate  the 

*  [Booker's  later  balances  bave  beams  graduated  to  twelfths,  and  a  rider 
weighing  12  mgra.  This  eoables  the  operator  to  use  nonrly  the  whole  ot  the 
graduaUoD,] 


by  Google 


§  .7]  WEISHINO.  17 

egnality  of  the  armB,  and  finally  with  acrews  to  restore  the  egui- 
Ubrimn  of  the  Bcalea,  should  this  have  been  disturbed. 


The  following  experiments  serve  to  test  the  accnracyand  sensi- 
bility of  a  balance. 

1.  The  balance  is,  in  the  first  place,  accurately  adjusted,  if 
neceesary,  either  by  the  regulating  screws,  or  by  means  of  tinfoil, 
anda  milligramme  weight  is  then  placed  in  one  of  the  scales.  A 
good  and  practically  usefol  balance  must  turn  very  distinctly  with 
this  weight ;  a  delicate  chemical  balance  should  indicate  the  -^  of 
a  milligramme  with  perfect  distinctnese. 

2.  Both  scales  are  loaded  with  the  maximnm  weight  the  con- 
struction of  the  balance  will  admit  of — the  balance  is  then  aeou- 
ratdy  adjusted,  and  a  milligramme  added  to  the  weight  in  the  one 
scale.  This  ought  to  cause  the  balance  to  turn  to  the  same  extent 
as  in  1.  In  most  balances,  however,  it  shows  somewhat  less  on  the 
index.  It  follows  from  §5/5  that  the  balance  will  oscillate  more 
slowly  in  this  than  in  the  first  experiment 

3.  The  balance  is  accurately  adjusted  (should  it  be  necessary 
to  establish  a  perfect  equilibrium  between  the  scales  by  loading  the 
one  mth  a  minute  portion  of  tinfoil,  this  tinfoil  must  he  left  re- 
maining upon  the  scale  during  the  experiment) ;  both  seales  are 
then  equally  loaded,  say,  with  fifty  grammes  each,  and,  if  neces- 
sary, the  balance  is  again  adjusted  (by  the  addition  of  small 
weights).     The  load  of  the  two  scales  is  then  interchanged,  so  as  to 

.  transfer  that  of  the  right  scale  to  the  left,  and  vice  verad.  A  bal- 
ance with  perfectly  equal  arms  must  maintain  its  absolute  equilib- 
rium upon  this  interchange  of  the  weights  of  the  two  scales. 

4.  The  balance  is  accurately  adjusted ;  it  is  then  arrested  and 
again  set  in  motion ;  the  same  process  should  be  repeated  several 
times.  A  good  balance  must  invariably  reassume  its  original  equi- 
librium. A  balance  the  end  edges  of  which  afford  too  ranch  play 
to  the  hook  resting  upon  them,  so  as  to  allow  the  latter  slightly  to 
alter  its  position,  will  show  perceptible  differences  in  different 
trials.  This  fanlt,  however,  is  possible  only  with  balances  of  defec- 
tive construction. 

A  balance  to  be  practically  useful  for  the  purposes  of  quantity 
tive  analysis  must  stand  the  first,  second,  and  last  of  these  tests. 
A  slight  inequality  of  the  arms  is  of  no  great  conseqnence^,  aa  the 
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srroi-  that  it  would  occasion  may  be  completely  prevented  by  the 
manner  of  veigliing. 

As  the  sensibility  of  a  balance  will  speedily  decrease  if  the  steel 
edges  are  allowed  to  get  rusty,  delicate  balances  should  never  be 
kept  in  the  laboratory,  bnt  always  in  a  separate  room.  It  is  also 
advisable  to  place  within  the  case  of  the  balance  a  vessel  half  filled 
with  calcined  carbonate  of  potassa,  to  keep  the  air  dry.  I  need 
hardly  add  that  this  salt  must  be  re-calcined  as  soon  as  it  gets 
moist. 


J.  The  "Wbiohts. 

1.  The  French  gramme  is  the  best  standard  for  calculation.  A 
set  of  weights  ranging  from  fifty  grammes  to  one  milligramme 
may  be  considered  sufficient  for  all  practical  purposes.  With  re- 
gard to  the  set  of  weights,  it  is  generally  a  matter  of  indifference 
for  scientific  purposes  whether  the  gramme,  its  multiples  and  frac- 
tions, are  really  and  perfectly  equal  to  the  accurately  adjusted  nor- 
jtial  weights  of  the  corresponding  denominations  ;  *  but  it  is  aiso- 
Ivtdy  necessary  that  they  should  agree  perfectly  with  each  other, 
t. «.,  the  centigramme  weight  must  be  exactly  the  one  hundredth 
part  of  the  gramme  weight  of  the  set,  etc.  etc. 

2.  The  whole  of  the  set  of  weights  should  be  kept  in  a  suitable, 
well-closing  box ;  and  it  is  desirable  likewise  that  a  distinct  com- 
partment be  appropriated  to  every  one  even  of  the  smaller  weights. 

3.  As  to  the  shape  best  adapted  for  weights,  I  think  that  of 
short  frusta  of  cones  inverted,  with  a  handle  at  the  top,  the  most 
convenient  and  practical  form  for  the  large  weights ;  square  pieces 
of  foil,  turned  up  at  one  corner,  are  best  adapted  for  the  small 
weights.  The  foil  used  for  this  purpose  should  not  be  too  thin,  and 
the  compartments  adapted  for  the  reception  of  the  several  smaller 
weights  in  the  box,  should  be  large  enough  to  admit  of  their  eon- 
tents  being  taken  out  of  them  with  facility,  or  else  the  smaller 
■weights  will  soon  get  cracked,  bruised,  and  indistinct.     Every  one 

*  Still  it  would  be  desirable  that  mechanicians  who  make  gramme-weigtili 
latended  for  the  use  of  the  chemist,  should  eodcavor  to  procure  normal  weights. 
It  is  very  inconvenient,  in  many  cases,  to  fled  notable  differences  between 
weights  of  the  same  denomination,  but  coining  from  different  makers;  u  I  mj'- 
:Klf.baT&  often Jiad  occasion  to  discover. 
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of  the  weighte  (with  the  exception  of  the  milligramme)  should  be 
distinctly  marked. 

4.  With  respect  to  the  material  most  suitable  for  the  manufac- 
ture of  weights,  we  commonly  rest  satisfied  with  having  the  smaller 
weights  only,  from  1  or  0-5  gramme  downwards,  made  of  plati- 
num or  alnmininm  foil,  using  brass  weights  for  all  tlie  higher  de- 
nominations. Brass  weights  must  be  carefully  shielded  from  the 
contact  of  acid  or  other  vapors,  or  their  correctness  will  be  in- 
paired  ;  nor  should  they  ever  be  touched  with  the  fingers,  but 
always  with  small  pincers.  But  it  is  an  erroneous  notion  to  enp- 
poee  that  weights  slightly  tarnished  are  unfit  for  use.  It  is,  in- 
deed, hardly  possible  to  prevent  weights  for  any  very  great  length  of 
time  from  getting  slightly  tarnished.  I  have  carefully  examined 
many  weights  of  this  description,  and  have  found  them  as  exactly 
corresponding  with  one  another  in  their  relative  proportions  as 
they  were  when  first  used.  The  tarnishing  coat,  or  incrustation, 
is  BO  extremely  thin,  that  even  a  very  delicate  balance  will  gener- 
ally fail  to  point  out  any  perceptible  difference  in  the  weight. 

The  following  is  the  proper  way  of  t^Ung  the  weights  : 

One  scale  of  a  delicate  balance  is  loaded  with  a  one-gramme 
weight,  and  the  balance  is  then  completely  equipoised  by  taring 
with  small  pieces  of  brass,  and  finally  tinfoil  (not  paper,  since  this 
absorbs  moisture).  The  weight  is  then  removed,  and  replaced  snc- 
cessively  by  the  other  gramme  weights,  and  afterwards  by  the 
same  amount  of  weight  in  pieces  of  lower  denominations. 

The  balance  is  carefully  scrutinized  each  time,  and  any  devi- 
ation from  the  exact  equilibrium  marked.  In  the  same  way  it  is 
seen  whether  the  two-gramme  piece  weighs  the  same  as  two  single 
grammes,  the  five-gramme  piece  the  same  as  three  single  grammes 
and  the  two-gramme  piece,  &c.  In  the  comparison  of  the  smaller 
weights  thus  among  themselves,  they  must  not  show  the  least  dif- 
ference on  a  balance  turning  with  iV  <*^  *  milligramme.  In  com- 
paring the  larger  weights  with  all  the  small  ones,  differences  of  -^ 
to  -j^  of  a  milligramme  may  be  passed  over.  If  you  wish  them  to 
be  more  accurate,  you  must  adjust  them  yourself.  In  the  purchase 
of  weights  cliemists  ought  always  to  bear  in  mind  that  an  accurate 
weight  is  truly  valuable,  whilst  an  inaccurate  one  is  absolutely 
worlihless.  It  is  the  safest  way  for  the  chemist  to  test  every  weight 
he  pnrehases,  no  matter  how  liigh  the  reputation  of  the  maker. 
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0.  The  Pbocebb  of  WEioBma. 

'  We  have  two  different  methods  of  detennmicg  the  weight  of 
BobstanceB ;  the  one  might  be  termed  direct  weighing,  the  otlier  is 
called  weighirig  ly  svhstiiution. 

In  direct  weighing,  the  substance  is  placed  apon  one  scale,  and 
the  weight  npon  the  other.  If  we  possess  a  balance,  the  arms  of 
whicii  are  of  equal  length,  and  the  scales  in  a  perfect  state  of 
oquilibrinm,  it  is  indifferent  npon  which  scale  the  substance  is 
placed  in  the  several  weighings  required  during  an  analytical  pro- 
cess ;  i.e.,  we  may  weigh  upon  the  right  or  upon  the  left  side,  and 
change  sides  at  pleasure,  without  endangering  the  accuracy  of  our 
results.  But  if,  on  the  contrary,  the  arms  of  our  balance  are  not 
perfectly  equal,  or  if  the  scales  are  not  in  a  state  of  perfect  cquili- 
brinm,  we  are  compelled  to  weigh  invariably  upon  the  same  scale, 
otherwise  the  correctness  of  our  results  will  be  more  or  less  materi- 
ally impaired. 

Suppose  we  want  to  weigh  one  gramme  of  a  substance,  and  to 
divide  thifl  amount  subsequently  into  two  equal  parts.  Let  us 
assume  our  balance  to  be  in  a  state  of  perfect  equilibrium,  bat 
with  unequal  anus,  the  left  being  99  millimetres,  the  right  100 
millimetres  long ;  we  plac«  a  gramme  weight  upon  the  left  scale, 
and  against  this,  on  the  right  scale,  as  much  of  the  substance  to  be 
weighed  as  will  restore  the  equilibrium  of  the  balance. 

According  to  the  axiom,  "  maaees  are  in  equilibrium  upon  a 
lever,  if  the  products  of  their  weights  into  their  distances  from  the 
fulcrum  are  equal,"  we  have  consequently  upon  the  right  scale  0-99 
grm.  of  substance,  since  99XlOO=100xO-99.  If  we  now,  for  the 
purpose  of  weighing  one  half  the  quantity,  remove  the  whole 
weight  from  the  left  scale,  substituting  a  0-5  grm.  weight  for  it, 
and  then  take  off  part  of  the  substance  from  the  right  scale,  until 
the  balance  recovers  its  equilibrium,  there  will  remain  0'495  grm. ; 
and  this  is  exactly  the  amount  we  have  removed  from  the  scale : 
we  have  consequently  accomplished  our  object  with  respect  to  the 
relative  weight ;  and  as  we  have  already  remarked,  the  absolute 
weight  is  not  generally  of  so  much  importance  in  scientific  work. 
But  if  we  attempted  to  halve  the  substance  which  we  have  on  the 
right  scale,  by  first  removing  both  the  weight  and  the  substance 
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from  the  scales,  and  placiag  sabaeqnently  a  0*5  grm.  weight  apon 
the  right  scale,  and  part  of  the  sabetance  apon  the  left,  until  the 
balance  recovere  it«  eqailibrium,  we  should  have  0-505  of  substance 
upon  the  left  scale,  since  100x0-500=99x0.505 ;  and  conse- 
quently, instead  of  exact  halves,  we  shotild  have  one  part  of  the 
substance  amounting  to  0'505,  the  other  only  to  0*485. 

If  the  scales  of  our  balance  are  not  io  a  state  of  absolute  equili- 
brium, we  are  obliged  to  weigh  our  substances  in  yessels  to  insure 
accurate  results  (although  the  arms  of  the  balance  be  perfectly 
equal).  It  is  self-evident  that  the  weights  in  this  case  must  like- 
wise be  invariably  placed  upon  one  and  the  same  scale,  and  that 
the  difference  between  the  two  scales  must  not  undergo  the 
slighest  variation  during  the  whole  course  of  a  series  of  experi- 
ments. 

From  these  remarks  result  the  two  following  rules : — 

1.  It  is,  under  all  circumstances,  advisable  to  place  the  sub- 
stance invariably  upon  one  and  the  same  scale — most  convenieutly 
upon  the  left. 

2.  If  the  operator  happens  to  possess  a  balance  for  his  own 
private  and  exd-usvoe  use,  there  is  no  need  that  he  should  adjust  it 
at  the  commencement  of  every  analysis ;  but  if  the  balance  be  used 
in  common  by  several  persona,  it  is  absolutely  necessary  to  ascer- 
tain, before  every  operation,  whether  the  state  of  abeolnte  equili- 
brium may  not  have  been  disturbed. 

Weighing  iy  avisiitvUon  yields  not  only  relativdy,  but  also 
absolutely  accurate  results;  no  matter  whether  the  arms  of  the 
balance  be  of  exactly  equal  lengths  or  not,  or  whether  the  scales  he 
in  perfect  equipoise  or  not. 

The  process  is  condneted  as  follows;  the  material  to  be 
weighed — say  a  platinum  cnicible — is  placed  upon  one  scale,  and 
the  other  scale  is  accurately  counterpoised  against  it.  The  plati- 
num crucible  is  then  removed,  and  the  eqailibrium  of  the  balance 
restored  by  snbstitating  weights  for  the  removed  cmcible.  It  is 
perfectly  obvious  that  the  substituted  weights  will  invariably 
express  the  real  weight  of  the  crucible  with  absolute  accuracy. 
We  weigh  by  substitution  whenever  we  require  the  greatest  pos- 
sible accuracy;  as,  for  instance,  in  the  determination  of  atomic 
weights.  The  process  may  b«  materially  shortened  hy  first  placing 
a  tare  (which  must  of  course  be  heavier  than  the  substance  to  he 
weighed)  upon  one  scale,  say  the  left,  and  loading  the  other  scale 
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with  weights  until  eqaihbrium  i&  produced.  This  tare  is  always 
retained  on  the  left  scale.  The  weights  after  being  noted  are 
removed.  The  sabetance  is  placed  on  the  right  scale,  together 
with  the  smaller  weights  requisite  to  restore  the  equilibrium  of 
the  balance.  The  sum  o£  the  weights  added  is  then  subtracted 
from  the  noted  weight  of  the  counterpoise :  the  remainder  will  at 
once  indicate  the  absolute  weight  of  the  substance.  Let  us  snp- 
pose,  for  instance,  we  have  on  the  left  scale  a  tare  reqniring  a 
weight  of  fifty  grammes  to  counterpoise  it.  We  place  a  platinum 
crucible  on  the  right  scale,  and  find  that  it  requires  an  addition 
of  weight  to  the  extent  of  10  grammes  to  counterpoise  the  tare 
on  the  left  Accordingly,  the  crucible  weighs  50  mdnua  10=40 
grammes. 

§10. 

The  foUowing  rules  will  be  found  nsefnl  in  performing  the 
process  of  weighing : — 

1.  The  safest  and  most  expeditions  way  of  ascertaining  the 
exact  weight  of  a  sobetance,  is  to  avoid  trying  weights  at  random  ; 
instead  of  this,  a  strictly  syBtematic  course  ought  to  be  pursued  in 
counterpoising  substances  on  the  balance.  Suppose,  for  instance, 
we  want  to  weigh  a  crucible,  the  weight  of  which  subsequently 
turns  out  to  be  6.627  grammes ;  well,  we  place  10  grammes  on  the 
other  scale  against  it,  and  we  find  this  is  too  much ;  we  place  the 
weight  next  in  succession,  i.e.,  5  grammes,  and  find  this  too  little ; 
next  7,  too  much ;  6,  too  little ;  6'5,  too  little ;  6-7,  too  much ;  6-6, 
too  httle ;  6-65,  too  much ;  6-62,  too  little ;  6-63,  too  much ;  6-625, 
too  little ;  6-627,  riglit. 

I  have  selected  here,  for  the  sake  of  illustration,  a  most  com- 
plicated case;  but  this  systematic  way  of  laying  on  the  weights 
will  in  most  instances  lead  to  the  desired  end,  in  half  the  time 
required  when  weights  are  tried  at  random.  After  a  little  prac- 
tice a  few  minutes  will  suffice  to  ascertain  the  weight  of  a  sub- 
stance to  within  the  i^  of  a  milligramme,  provided  the  balance 
does  not  oscillate  too  slowly. 

2.  The  milligrammes  and  fractions  of  milligrammes  are  deter. 
mined  by  a  centigramme  rider  (to  be  placed  on  or  between  the 
dirisiona  on  the  beam)  far  more  expeditiously  and  conveniently 
than  by  the  use  of  the  weights  themselves,  and  at  the  same  time 
with  equal  accuracy. 
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3.  Particular  care  and  attentioa  should  be  bestowed  on  enter- 
ing the  weights  in  the  book.  The  beat  way  is  to  write  down  the 
weights  first  bj  inference  from  the  blanks,  or  gaps  in  the  weight 
box,  and  to  control  the  entry  sabseqaently  by  removing  the 
weighte  from  the  scale,  and  replacing  them  in  their  respective 
compartments  in  the  box.  The  stndent  elionld  from  the  com- 
mencement make  it  a  rale  to  enter  the  number  to  be  deducted  in 
the  lower  line ;  thus,  in  the  upper  line,  the  weight  of  the  cruci- 
ble +  the  BubBtance ;  in  the  lower  line,  the  weight  of  the  empty 
cracible. 

4.  The  balance  ought  to  be  arrested  every  time  any  change  Ib 
contemplated,  such  as  removing  weights,  substituting  one  weight 
for  another,  &c.  Ac,  or  it  will  soon  get  spoiled. 

5.  Substances  (except,  perhaps,  pieces  of  metal,  or  some  other 
bodies  of  the  kind)  must  never  be  placed  directly  upon  the  scales, 
bnt  ought  to  be  weighed  in  appropriate  vessels  of  platinum,  silver, 

.  glass,  porcelain,  &c,  never  on  paper  or  card,  since  these,  being 
liable  to  attract  moisture,  are  apt  to  alter  in  weight.  The  most 
common  method  is  to  weigh  in  the  first  instance  the  vessel  by 
itself,  and  to  introduce  Bubsequently  the  substance  into  it ;  to 
weigh  again,  and  subtract  the  former  weight  from  the  latter.  In 
many  instances,  and  more  especially  where  several  portions  of  the 
same  substance  are  to  be  weighed,  the  united  weight  of  the  vessel 
and  of  its  contents  is  first  ascertained ;  a  portion  of  the  contents 
is  then  shaken  out,  and  the  vessel  weighed  again ;  the  loss  of 
weight  exprefises  the  amount  of  the  portion  taken  out  of  the  vessel. 

6.  Substances  liable  to  attract  moisture  from  the  air,  must  be 
weighed   invariably  in  closed   vessels  (in   covered   crucibles,  for 

,  instance,  or  between  two  watch-glasses,  or  in  a  closed  glass  tube) ; 
fluids  are  to  be  weighed  in  small  bottles  closed  with  glass  stoppers. 
1.  A  vessel  ought  never  to  be  weighed  whilst  warm,  since  it 
will  in  that  case  invariably  weigh  lighter  than  it  really  is.  This  is 
owing  to  two  circumstances.  In  the  first  place,  every  body  con- 
denses upon  its  surface  a  certain  amount  of  air  and  moisture,  the 
quantity  of  which  depends  npon  the  temperature  and  hygroscopic 
state  of  the  air,  and  likewise  on  its  own  temperature.  Now  sup- 
pose a  crucible  has  been  weighed  cold  at  the  commencement  of 
the  operation,  and  is  subsequently  weighed  again  whilst  hot, 
t^^ther  with  the  substance  it  contains,  and  the  weight  of  which 
we  wish  to  determine.    If  we   subtract   for   this  purpose    the 
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weight  of  the  cold  crnciblc,  ascertained  in  the  fonner  instance, 
from  the  weight  found  in  the  latter,  we  shall  enbtract  too  mneh, 
and  consequently  we  shall  set  down  less  than  the  real  weiglit  for 
the  substance.  In  the  second  place,  bodies  at  a  high  temperature 
are  constantly  communicating  heat  to  the  air  immediately  around 
them;  the  heated  air  expands  and  ascends,  and  the  denser  and 
colder  air,  flowing  towards  the  space  which  the  former  leaves,  pro- 
duces a  current  wliich  tends  to  raise  the  scale,  making  it  thus 
appear  lighter  than  it  really  is. 

8.  If  wo  suspend  from  the  end  edges  of  a  correct  balance 
respectively  10  grammes  of  platinum  and  10  grammes  of  glass,  by 
wires  of  equal  weight,  the  balance  will  assume  a  state  of  e<]uili- 
brium ;  but  if  we  Eubsequently  Immerse  the  platiuum  and  glass 
completely  in  water,  this  equilibrium  will  at  once  cease,  owing  to 
the  difFerent  specific  gravity  of  the  two  substances ;  since,  as  is 
well  known,  substances  immersed  in  water  lose  of  their  weight 
a  quantity  equal  to  the  weight  of  their  own  bulk  of  water.  If 
this  bo  borne  in  mind,  it  must  be  obvious  to  every  one  that 
weighing  in  the  air  is  likewise  defective,  inasmuch  as  the  bulk 
of  the  substance  weighed  is  not  tlie  saTne  with  that  of  the 
weight.  This  defect,  however,  is  so  very  insignificant,  owing 
to  the  trifling  specific  gravity  of  the  air  in  proportion  to  that 
of  solid  substances,  that  we  may  generally  disregard  it  alto- 
gether in  analytical  experiments.  In  cases,  however,  where 
absolutely  accurate  results  are  required,  the  bulk  both  of 
the  substance  examined,  and  of  the  weight,  must  he  taken 
into  account,  and  the  weight  of  the  corresponding  volume 
of  air  added  respectively  to  that  of  the  substance  and  of 
the  weight,  making  thus  the    process  equivalent  to   weighing 


Ml. 

2.  Ueasubini}. 

The  process  of  measuring  is  confined  in  analytical  researches 
mostly  to  gases  and  liquids,  Tlie  method  of  measuring  gases  lias 
been  brought  to  such  perfection  that  it  may  be  said  to  equal  in 
accuracy  the  method  of  weighing.  However,  such  accurate  meas- 
urements demand  an  expenditure  of  time  and  care,  which  can  be 
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bestowed  onlj  on  the  nicest  and  most  delicate  scientific  inveetiga- 
tione.* 

The  meaenring  of  liquids  in  analytical  investigations  was  resorted 
to  first  by  Descboizilles  ("  Alkaiimeter,"  1806).  Gay-Lussac 
materially  improved  the  process,  and  indeed  brought  it  to  the 
highest  degree  of  perfection  (measuring  of  the  solntioii  of  chloride 
of  Bodinm  in  the  assay  of  silver  in  the  wet  way).  More  recently 
F.  MoHsf  has  bestowed  much  care  and  ingenuity  upon  the  pro- 
duction of  appropriate  and  convenient-  measuring  apparatus,  and 
has  added  to  our  store  the  eminently  practical  compression  stop- 
cock burette.  The  process  is  now  resorted  to  even  in  most  accurate 
scientific  investigations,  since  it  requires  much  less  time  than  the 
process  of  weighing. 

The  accuracy  of  all  measnrings  depends  upon  the  proper  oon- 
strnction  of  the  measuring  vessels,  and  also  upon  the  manner  in 
which  the  process  is  conducted. 

§12. 
a.  The  IfKASDiuiK)  or  Gases. 
We  use  for  the  measuring  of  gases  graduated  tabes  of  greater 
or  less  capacity,  made  of  strong  glass,  and  closed  by  fusion  at  one 
end,  which  should  be  rounded.  The  following  tubes  will  be  found 
sufficient  for  all  the  processes  of  gas  measuring  required  in  ot^nic 
elementary  analyses. 

1.  A  bell-glass  capable  of  holding  from  150  to  250  c  c,  and 
about  4  centimetres  in  diameter ;  divided  into  cubic  centimetres. 

2.  Five  or  six  glass  tubes,  about  12  to  15  millimetres  in  diam- 
eter in  the  clear,  and  capable  of  holding  from  30  to  40  c  c  each, 
divided  into  ^  c.  c. 

The  sides  of  these  tubes  should  be  pretty  thick,  otherwise  they 
will  be  liable  to  break,  especially  when  used  to  measure  over  mer- 
cury. The  sides  of  the  b^-glaes  should  be  about  3,  of  the  tubes 
about  2  millimetres  thick. 

The  most  important  point,  however,  in  connection  with  meas- 

'  [Tbe  student  who  will  practise  the  accurate  measuremeDt  of  gaeee  in  any 
but  llic  simplest  cases,  must  refer  for  all  detaila  lo  BuDBen'a  "Oasometry" 
(translated  by  Roscae),  and  Russell,  Jour.  Cbem.  Soc.,  1808,  p.  128,  as  tbe  sub- 
ject ia  too  eitcDHive  for  the  limiu  of  tbia  volume.] 

t  "Ijebrt)uchderTitririnethode,"byDr.  Fr.  Mohr.    Bruoswick,  1855. 
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uring  instraments  is  that  they  be  correctly  graduated,  BiQce  upon 
this  of  course  depends  the  accuracy  of  the  results.  For  the  method 
of  graduating  I  refer  to  Gbeville  Williams'  "  Chemical  Jllaui- 
pulation."* 

In  testing  the  measaring  tubes  we  have  to  consider  three 
things. 

1.  Do  the  divisions  of  a  tube  correspond  with  each  other? 

2.  Do  the  divisions  of  each  tube  correspond  with  those  of  tlie 
other  tubes  ? 

3.  Do  the  volumes  expressed  by  the  graduation  lines  corre- 
spond with  the  weights  used  by  the  analyst  J 

These  three  questions  are  answered  by  the  following  experi- 
ments: 

a.  The  tube  which  it  is  intended  to  examine  is  placed  in  a  per- 
pendicular position,  and  filled  gradually  with  accurately  measured 
small  quantities  of  mercury,  care  being  taken  to  ascertain  with  the 
utmost  precision  whether  the  graduation  of  the  tube  is  proportion- 
ate to  the  equal  volumes  of  mercury  poured  in.  The  measuring- 
oS  of  the  mercury  is  efiected  by  means  of  a  small  glass  tube,  sealed 
at  one  end,  and  -  ground  perfectly  even  and  smooth  at  the  other. 
This  tube  is  filled  to  overflowing  by  immersion  under  mercury, 
care  being  taken  to  allow  no  air  bubbles  to  remain  in  it;  the 
excess  of  mercury  is  then  removed  by  pressing  a  small  glass  plate 
down  on  the  smooth  edge  of  the  tube.f 

}.  Different  quantities  of  mercury  are  successively  measured 
off  in  one  of  the  smaller  tubes,  and  then  transferred  into  the  other 
tubes.  The  tubes  may  be  considered  in  perfect  accordance  with 
each  other,  if  the  mercury  reaches  invariably  the  same  divisional 
point  in  every  one  of  them. 

Sneh  tubes  as  are  intended  simply  to  determine  the  relative 
volume  of  difierent  gases,  need  only  pass  these  two  experiments ; 
but  in  cases  where  we  want  to  calculate'  the  weigM  of  a  gas  from 
its  volume,  it  is  necwsary  also  to  obtain  an  answer  to  the  third 
question.     For  this  purpose — 

c.  One  of  the  tubes  is  accurately  weighed  and  then  filled  with 


"  [See  also  Cary  Lea,  Am.  Jour.  Sci.  sod  Arts.  Sd  eer,,  vol.  43,  p.  875.] 

t  Aa  warming  the  metal  is  to  be  carefully  avoided  iu  this  process,  it  Is  sdvl' 

aable  not  to  hold  Cbe  tube  with  the  hand  in  immersing  it  in  the  mercury,  but  to 

futen  it  in  a  smali  wooden  holder. 
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distilled  w&ter  of  a  temperature  of  16°  to  the  last  mati:  of  the 
gradnated  scale ;  the  weight  of  the  water  is  then  accurately  deter- 
mined. If  the  tube  agrees  with  the  weights,  every  100  c  c.  of 
water  of  16°  must  weigh  99'9  grm.  Bat  should  it  not  agree,  no 
matter  whether  the  error  lie  in  the  graduation  of  the  tube  or  in 
the  adjostment  of  the  weights,  we  must  apply  a  correction  to  the 
Tolnme  observed  before  calculating  the  weight  of  a  gas  therefrom. 
Let  UB  suppose,  for  instance,  that  we  find  100  c  c.  to  weigh  only 
99"6  grm. ;  assuming  our  weights  to  be  correct,  the  c.  c.  of  our 
scale  are  accordingly  too  small ;  and  to  convert  100  of  these  c  c 
into  normal  e.  c  we  say : — 

99-9  :  99-6  : :  100  :  x. 

In  the  meaav/ring  of  gases  we  mvst  have  regard  to  the  JvUote- 
ing  povnta: — 

1.  Correct  reading-ofF.  2.  The  temperature  of  the  gas.  3.  The 
degree  of  pressure  operating  upon  it.  And  4,  The  circumstance 
whether  it  is  dry  or  moist.  The  three  latter  points  will  be  readily 
Duderstood,  if  it  be  borne  in  mind  that  any  alteration  in  the  tem- 
perature of  a  gas,  or  in  the  pressnre  acting  upon  it,  or  in  the  ten- 
sion of  the  admixed  aqneons  vapor,  involves  likewise  a  consider- 
able alteration  in  its  volume. 

§13.  ^ 

1.    COBBECT   KBADmO-OFF. 

This  is  rather  difBcult,  since  meroury  in  a  cylinder  has  a  con- 
vex surface  (especially  observable  with  a  narrow  tube),  owing  to 
its  own  cohesion ;  wliilst  water,  on  the  other  hand,  under  the  same 
circumstances  has  a  concave  surface,  owing  to  the  attraction  which 
the  walls  of  the  tube  exercise  upon  it.  The  cylinder  should 
invariably  be  placed  in  a  perfectly  perpendicular  position,  and  the 
eye  of  the  operator  brought  to  a  level  with  the  surface  of  the 
finid. 

In  reading-ofF  over  water,  the  middle  of  the  dark  zone  formed 
by  that  portion  of  the  liquid  that  is  drawn  up  around  the  inner 
walls  of  the  tube,  is  assumed  to  be  the  real  surface;  whilst  when 
operating  with  mereury,  we  have  to  place  tlie  real  surface  in  a 
plane  exactly  in  the  middle  between  the  highest  point  of  the  sur- 
face of  the  mercury,  and  the  points  at  which  the  latter  is  in  actual 


by  Google 


38  -    OPEEATIONS.  [%  14. 

contact  with  the  walls  of  the  tnbc    However,  the  reenlte  obtained 
in  thU  way  are  only  approximate. 

Absolutely  accurate  results  canno't  be  arrived  at,  in  measuring 
over  water  or  any  other  fluid  that  adheres  to  glass.  But  over  mer' 
cury  they  may  be  arrived  at  if  the  error  of  the  meniscus  be  deter- 
mined and  the  mercury  be  read  off  at  the  highest  point.  The 
determination  of  the  error  of  the  meniscus  is  performed  for  each 
tube,  once  for  all,  iu  the  following  manner :  some  mercury  is 
poured  into  the  tube,  and  its  height  read-oflf  right  on  a  level  with 
the  top  of  the  convex  surface  exhibited  by  it;  a  few  drops  of  solu- 
tioQ  of  chloride  of  mercury  are  then  poured  on  the  top  of  the 
metal ;  this  causes  the  convexity  to  disappear ;  the  height  of  the 
mercary  in  the  tube  is  now  read-ofi  again  and  the  difference  noted. 
In  the  process  of  graduation,  the  tube  stands  upright,  in  that  of 
measuring  gases,  it  is  placed  upside  down ;  the  difference  observed 
must  accordingly  be  doubled,  and  the  sum  added  to  each  volume 
of  gas  read  oS. 

§14. 
2.  Influence  of  Tshfbbatube. 

The  temperature  of  gases  to  be  measured  is  determined  either 
by  making  it  correspond  with  that  of  the  confining  fiuid,  and 
ascertaining  the  latter,  or  by  suspending  a  delicate  thermometer 
by  the  side  of  the  gas  to  be  measured,  and  noting  the  degree  which 
it  indicates. 

If  the  construction  of  the  pneumatic  apparatus  permits  the 
total  immersion  of  the  cylinder  in  the  confining  fluid,  uniformity 
of  temperature  between  the  latter  and  the  gas  which  it  is  intended 
to  measure,  is  most  readily  and  speedily  obtained ;  hut  in  the 
reverse  case,  the  operator  must  always,  after  every  manipulation, 
allow  half  an  hour  or,  in  operations  combined  with  much  heating, 
even  an  entire  hour  to  elapse,  before  proceeding  to  observe  the 
state  of  the  mercury  in  the  cylinder,  and  in  the  thermometer. 

Proper  care  must  also  be  taken,  after  the  temperature  of  the 
gas  has  been  duly  adjusted,  to  prevent  re-expansion  during  the 
reading-off;  aU  injurious  influences  in  this  respect  must  accord- 
ingly be  carefully  guarded  against,  and  the  operator  should,  more 
especially,  avoid  laying  hold  of  the  tube  with  his  hand  (in  pressing 
it  down,  for  instance,  into  the  confining  fluid);  making  use, 
instead,  of  a  wooden  holder. 
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§15. 

3.    ISFLUEHOB  or   pBESStJBB. 


With  regard  to  the  third  point,  the  gas  is  nnder  the  actnal 
pressure  of  the  atmosphere  if  the  confining  fluid  stands  on  an 
exact  level  both  in  and  outside  the  cylinder ;  the  degree  of  pres- 
sure exerted  upon  it  may  therefore  at  once  be  ascertained  by  con- 
snlting  the  barometer.  But  if  the  confining  fiaid  stands  higher  in 
the  cylinder  than  outside,  the  gas  is  under  lea«  pressure, — if  lower, 
it  is  under  greater  pressure  than  that  of  the  atmosphere ;  in  the 
latter  case,  the  perfect,  level  of  the  finid  inside  and  ontside  the 
cylinder  may  readily  be  restored  by  raising  the  tube;  if  the  fluid 
stands  higher  in  the  cyhnder  than  outside,  the  level  may  be 
restored  by  depressing  the  tube ;  this  however  can  only  be  done 
in  cases  where  we  have  a  trough  of  sufiScient  depth.  When  oper- 
ating over  water,  the  level  may  in  moat  cases  be  readily  adjusted ; 
when  operating  over  mercury,  it  is,  more  especially  with  wide 
tubes,  often  impossible  to  bring  the  fluid  to  a  perfect  level  inside 
and  outside  the  cylinder. 

§16. 
4.  Ihfloknck  of  Moistube. 

In  measuring  gases  saturated  with  aqncone  vapor,  it  must  be 
taken  into  account  that  the  vapor,  by  virtue  of  ita  tension,  exerts  a 
pressure  upon  the  confining  fluid.  The  necessary  correction  is 
simple,  since  we  know  the  respective  tension  of  aqueous  vapor  for 
the  various  degrees  of  temperature.  But  before  this  correction 
can  be  applied,  it  is,  of  course,  necessary  that  the  gas  should  be 
actually  saturated  with  the  vapor.  It  is,  therefore,  indispensable 
in  measuring  gases  to  take  care  to  have  the  gas  thoroughly  satu- 
rated with  aqneous  vapor,  or  else  absolutely  dry. 

It  is  quite  obvious  from  the  preceding  remarks,  that  volumes 
of  gases  can  be  compared  only  if  measured  at  the  same  temper- 
ature, under  the  same  pressure,  and  in  the  same  hygroscopic  state. 
They  are  generally  reduced  to  0°,  0-76  met.  barometer,  and  abso- 
lute dryness.  How  this  is  effected,  as  well  as  the  manner  in  which 
we  deduce  the  weight  of  gases  from  their  volume,  will  be  found 
in  the  chapter  on  the  calculation  of  analyses. 
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§17. 

b.  The  Meabubinq  of  Fluids. 

In  coneeqiience  of  the  vast  development  which  volnmetric 
analysis  has  of  late  acquired,  the  measuriDg  of  fluids  has  become  an 
operation  of  very  freqnent  occmrence.  According  to  the  different 
objecto  in  view,  various  kinds  of  meaeuring  vcbbcIb  are  employed. 
The  operator  must,  in  the  case  of  every  measuring  vessel,  carefully 
distiugniBh  whether  it  is  graduated  for  holding  or  for  ddvuering 
the  exact  number  of  c,  c.  marked  on  it.  If  yoii  have  made  ugo  o£ 
a  vessel  of  the  former  description  in  measuring  off  100  c  c.  of  a 
fluid,  and  wish  to  transfer  the  latter  completely  to  another  reeeel, 
yon  must,  after  emptying  your  measuring  vessel,  rinse  it,  and  add 
the  rinsings  to  the  fluid  transferred ;  whereas,  if  you  have  made 
use  of  a  measuring  vessel  of  the  latter  description,  there  must  be 
no  rinsing. 

a,  Measubimg  vessels  qbaduated  for  uoldinq  the  exact  ueab- 

UEE   OF   FLUID   MAB£ED   OS  THEU. 

aa.  Meaeuring  vesaela  which  serve  to  measure  otit  one  definite 
quantity  offiuid. 

We  use  for  this  purpose — 

§18- 
1.  Measuring  Flasks. 

Fig.  2  represents  a  measuring  flask  of  the  most  practical  and 
convenient  form. 

Measuring  flasks  of  various  sizes  are  sold  in  the  shops,  holding 
respectively  200,  250,  500,  1000,  2000,  &c.,  c.  c.  As  a  general 
rule,  they  have  no  ground-glase  stoppers ;  it  is,  however,  very 
desirable,  in  certain  cases,  to  have  measuring  flasks  with  ground 
stoppers.  The  flasks  must  be  made  of  well-anncaled  glass  of  uni- 
form thickness,  so  that  fluids  may  be  heated  in  them.  The  line- 
mark  should  be  placed  within  the  lower  third,  or  at  least  within 
the  lower  half,  of  the  neck. 
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Meaenring  flasks,  before  they  can  properly  be  employed  in 
aaalytica)  operations,  must  first  be  carefully 
tested.  The  best  and  simplest  way  of 
effecting  this  is  to  proceed  thns : — Put  the 
flask,  perfectly  dry  inside  and  ontside,  on 
the  one  scale  of  a  sufficiently  delicate  bal- 
ance, together  with  a  weight  of  1000  grm. 
in  the  case  of  a  litre  flask,  500  grm.  in  the 
case  of  a  half-litre  flask,  &c.,  restore  the 
equilibrium  by  placing  the  requisite  quan- 
tity of  shot  and  tinfoil  on  the  other  scale, 
then  remove  the  flask  and  the  weight  from 
the   balance,  put  the  flask   on  a   perfectly  ^'    ' 

level  surface,  and  pour  in  distilled  water  of  16°,*  until  the  lower 
border  of  the  dark  zone  formed  by  the  top  of  the  water  around 
the  inner  walls  corresponds  with  the  line-mark.  After  having 
thoroughly  dried  the  neck  of  the  flask  above  the  mark,  replace  it 
upon  tlie  scale :  if  this  restores  the  perfect  equilibrium  of  the  bal- 
ance, the  water  in  the  flask  weighs,  in  the  case  of  a  litre  measure, 
exactly  1000  grm.  If  the  scale  bearing  the  flask  sinks,  the  water 
in  it  weighs  as  much  above  1000  grm.  as  the  additional  weights 
amount  to  which  you  have  to  put  in  the  other  scale  to  restore  the 
equilibrium ;  if  it  rises,  on  the  other  hand,  the  water  weighs  as 
much  less  as  the  weights  amount  to  which  you  have  to  pat  in  the 
scale  with  the  flask  to  effect  the  same  end. 

"To  use  water  in  the  state  of  its  liiglieat  denaity,  viz,,  of  4°,  1  c.  c.  of  nhlch 
wtigbs  exactij  1  grm.,  and,  accordingly,  1  litre,  exactly  1000  grmB.,  ia  less  prac- 
tical, as  the  operations  must  in  that  case  be  conducted  in  a  room  as  cold;  since, 
in  a  warmer  room,  the  outside  of  the  flask  would  immediately  become  covered 
with  moisture,  in  consequence  o(  the  air  cooling  below  dew-point.  Nor  can  I 
recommend  7  Mohi'a  suggestion  to  make  litre-flasks,  and  measuring  vessels  in 
general,  upon  a  plan  to  make  the  litre-flask,  for  Instance,  hold,  not  1000  grm. 
water  at  4°,  but  1000  grm.  at  16°,  since  in  an  arrangement  of  the  kind  proper 
regard  is  not  paid  to  the  actual  meaning  of  the  term  "litre"  In  the  scientific 
world;  and  measuring  vessels  of  the  same  nominal  capacity,  made  by  different 
instniment-miakers,  are  thus  liable  to  differ  to  a  greater  or  less  extent.  One  litre- 
flask,  according  to  Hohr,  holds  1001-3  standard  c.  c.  I  consider  it  impractical 
lo  give  to  the  c  c.  another  signification  in  vessels  Intended  for  measuring  fluids 
than  in  vessels  used  for  the  measuring  of  gases,  which  latter  demand  strict  ad- 
hesion to  the  standard  c.  c,  aa  it  is  often  required  to  deduce  the  weight  of  a  gas 
by  calculating  from  the  volume. 
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If  the  water  in  the  litre  measure  weighs  999  grm.,*  m  the  half 
litre  measure,  499*5  grm.,  &c!.,  the  meaBaring  flasks  are  correct. 
Differences  up  to  O'lOO  grm.,  in  tlie  litre  measure,  up  to  0,070  grm. 
in  the  half-litre  measnre,  and  up  to  0'050  grm.  in  the  quarter-litre 
measure,  are  not  taken  into  account,  as  one  and  the  same  measur' 
ing  flask  will  be  found  to  offer  variation  to  the  extent  indicated,  in 
repeated  consecutive  weighings,  though  filled  each  time  exactly  up 
to  the  mark  with  water  of  the  same  temperature. 
Though  a  flask  should,  upon  examination, 
turn  out  not  to  hold  the  exact  quantity  of  water 
which  it  is  stated  to  contain,  it  may  yet  possibly 
agree  with  the  other  measuring  vessels,  and  may 
accordingly  still  be  perfectly  fit  for  use  for  most 
purposes.  Two  measuring  vessels  agree  among 
themselves  if  the  marked  Nos.  of  c.  c.  bear  the 
same  proportion  to  each  other  as  the  weights 
found;  thuB,  for  instance,  supposing  your  litre- 
measore  to  hold  998  grm,  water  of  16°,  and  your 
50  c.  c.  pipette  to  deliver  49-9  grm.  water  of  the 
same  temperature,  the  two  measures  agree,  since 

1000:50  =  998:49-9. 

To  prepare  or  correct  a  measuring  flask,  tare 
the  dry  litre,  half-litre,  or  quarter-litre  flask,  and 
then  weigh  into  it,  by  substitution,  (§  9}  999 
grm.,  or,  as  the  case  may  be,  the  half  or  quarter 
.  of  that  quantity  of  distilled  water  of  16°.  Put 
I  the  flask  on  a  perfectly  horizontal  support,  place 
your  eye  on  an  exact  level  with  the  surface  of 
the  water,  and  mark  the  lower  border  of  the  dark 
zone  by  two  little  dots  made  on  the  glass  with  a  point  dipped  into 
thick  asphaltum  varnish,  or  some  other  substance  of  the  kind.  Now 
pour  out  the  water,  place  the  flask  in  a  convenient  position,  and 
cut  with  a  diamond  a  fine  distinct  line  into  the  glass  from  one  dot 
to  the  other. 

bh.  Meaeuring  vessels  which  serve  to  measure  out  any  quanti- 
ties offiuid  at  wiU. 

^Wltb  abeolute  accuracy  908-061  grm. 
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§19. 

2.  The  Gradtioied  Cylinder. 

This  iDstrnmeut,  represented  in  Sg.  3,  should  be  from  2  to 
3  cm.  wide,  of  a  capacity  of  100 — 300  c,  c,  and  divided  into 
single  c  c  It  mast  be  ground  at  the  top,  that  it  may  be 
covered  quite  close  with  a  groond'^lass  plate.  The  measuring 
with  such  cylinders  is  not  quite  so  accurate  as  with  measuring 
flasks,  as  in  the  latter  the  volume  is  read  oS  in  a  narrower  part 
The  accuracy  of  measuring  cylinders  may  be  tested  in  the  same  way 
as  in  the  case  of  measuring  flasks,  viz.,  by  weighing  into  them  water 
of  16° ;  or,  also,  very  well,  by  letting  definite  quantities  of  fluid  flow 
into  the  cylinder  from  a  correct  pipette,  or  burette  graduated  for 
delivering,  and  observing  whether  or  not  they  are  correctly  indi- 
cated by  the  scale  of  the  cylinder. 

p.    M&ASUBINa    VESSELS    ORADUATED    FOS    DEUVEBINa    THE    EXACT 

MEABUBE  OF  FLmD  uABEED  ON  THEM  (graduated  o  PScoulement). 

aa.  Meaeurimg  vessels  which  serve  to  measure  out  one  dejwiiia 
guantUy  offiuid, 

§20. 
3.  The  Graduated  Pipette. 

This  instrnment  serves  to  take  out  a  definite  volume  of  a  fluid 
from  one  vessel,  and  to  transfer  it  to  another ;  it  must  accordingly 
be  of  a  suitable  shape  to  admit  of  its  being  freely  inserted  into 
flasks  and  bottles. 

We  use  pipettes  of  1,  5,  10,  20,  50,  100,  150,  and  200  c.  c. 
capacity.  The  proper  shape  for  pipettes  up  to  20  c.  c.  capacity  is 
represented  in  fig.  4 ;  fig.  5  shows  the  most  practical  form  for  lar- 
ger ones.  To  fill  a  pipette  suction  is  applied  to  the  upper  aper- 
ture, either  directly  with  the  lips  or  through  a  caoutchouc  tube, 
mitil  the  fluid  stands  above  the  mark ;  the  upper  orifice  (which  is 
somewhat  narrowed  and  gronnd)  is  then  closed  with  the  first  finger 
of  the  right  hand  (the  point  of  which  should  be  a  little 
moist);  the  outside  is  then  wiped  dry,  if  required,  and,  the 
pipette  being  held  in  a  perfectly  vertical  direction,  the  fluid 
jfl  made  to  drop  oat,  by  lifting  the    finger  a  little,  till  it  has 
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fallen  to  the  required  level;  the  looee  drop  is  carefully  wipeJ 
off,  and  the  contents  of  the  tube  are  then  finally  transferred  to 
the  other  veseet.  In  this  process  it  is  found  that  the  fluid  does 
not  run  out  completely,  but  that  a  small  portion  of  it  remains 
adhering  to  the  glass  in  the  point  of  the  pipette ;  after  a  time,  as 
this  becomes  increased  by  other  minute  particles  of  fluid  trickling 

I  down  from   the   upper   part  of   the  tube, 

a  drop  gathers  at  the  lower  orifice,  which 
may  be  allowed  to  fall  off  from  its  own 
weight,  or  may  be  made  to  drop  off  by  a 
slight  shake.  If,  after  this,  the  point  of  the 
pipette  be  laid  against  a  moist  portion  of 
the  inner  side  of  the  vessel,  another  minute 
portion  of  fluid  will  trickle  out,  and,  lastly, 
another  trifling  droplet  or  so  may  be  got 
out  by  blowing  into  the  pipette.  Now, 
supposing  the  operator  follows  no  fixed  nile 
in  this  respect,  letting  the  fluid,  for  instance, 
■  in  one  operation  simply  run  out,  whilst  in 
another  operation  he  lets  it  drain  afterwards, 
and  in  a  third  blows  out  the  last  particles 
of  it  from  the  pipette,  it  is  evident  that  the 
respective  quantities  of  fluid  delivered  in 
the  several  operations  cannot  be  quite  eqnaL 
I  prefer  in  ail  cases  the  second  method,  viz., 
to  lay  the  point  of  the  pipette,  whilst  drain- 
ing, finally  against  a  moist  portion  of  the 
side  of  the  vessel,  which  I  have  always  found 
to  give  the  most  accurately  corresponding 
measurements. 

The  correctness  of  a  pipette  is  tested 
by  filling  it  up  to  the  mark  with  distilled 
water  of  16°,  letting  the  water  run  out,  in 
Pig.  4.  Fig.  5.  Fig.  9.  the  manner  just  stated,  into  a  tared  vessel, 
and  weighing ;  the  pipette  may  be  pronounced  correct  if  100  c.  c 
of  water  of  16"  weigh  999  grm. 

Testing  in  like  manner  the  accuracy  of  the  measurements  made 
with  a  simple  hand  pipette,  we  find  that  one  and  the  same  pipette 
will  in  repeated  consecutive  weighings  of  the  contents,  though 
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filled  and  emptied  each  time  witli  the  minntest  care,  show  differ- 
ences up  to  0-010  grm.  for  10  c.  c.  capacity,  up  to  0'040  grm.  for 
50  c  c.  capacity. 

The  accuracy  of  the  measuremetitfl  made  with,  a  pipette  may 
be  heightened  by  giving  the  inBtrument  the  form  and  coustmetiou 
sliown  in  fig.  6,  and  fixing  it  to  a  holder. 

It  will  be  seen  from  the  drawing  that  these  pipettes  are 
emptied  only  to  a  certain  mark  in  the  lower  tnbe,  and  that  they 
are  provided  with  a  compression  stop-cock,  a  contrivance  which  we 
shall  have  occasion  to  describe  in  detail  when  on  the  subject  of 
burettes.  This  contrivance  reduces  the  difEerences  of  measure- 
ments witli  one  and  the  same  50  c.  c.  pipette  to  O'OOS  gnu. 

Pipettes  are  used  more  especially  in  cases  where  it  is  intended 
to  estimate  different  constituents  of  a  substance  in  separate  por- 
tions of  the  same :  for  instance,  10  grm.  of  the  sabstance  under 
examination  are  dissolved  in  a  250  c.  c.  flask,  the  solution  is  dilu- 
ted up  to  the  mark,  shaken,  and  2,  3,  or  4  several  portions  are  then 
taken  out  with  a  50  c.  c.  pipette.  Each  portion  consists  of  ^  part 
of  the  whole,  and  accordingly  contains  2  grm.  of  the  substance. 
Of  course  the  pipette  and  the  flask  must  be  in  perfect  harmony. 
Whether  they  are  may  be  ascertained  by,  for  instance,  emptying 
the  50  c.  c.  pipette  5  times  into  the  350  c,  c.  flast,  and  observing 
if  the  lower  edge  of  the  dark  zone  of  fluid  coincides  with  the 
mark.  If  it  does  not,  you  may  make  a  fresh  mark,  which,  no 
matter  whether  it  is  really  correct  or  not,  will  bring  the  two  instm- 
ments  in  qncstion  into  confonnity  with  each  other. 

Cylindrical  pipettes,  graduated  throughout  their  entire  length, 
may  be  used  also  to  measure  out  any  given  quantities  of  liquid  ; 
-  however,  these  instmrnents  can  properly  be  employed  only  in  pro- 
cesses where  minute  accuracy  ia  not  indispensable,  as  the  limits  of 
error  in  reading  off  the  divisions  in  the  wider  part  of  the  tube  arc 
not  inconsiderable.  For  smaller  quantities  of  liquid  this  inaccu- 
racy may  be  avoided  by  making  the  pipettes  of  tubes  of  uniform 
width,  having  a  small  diameter  only,  and  narrowed  at  both  ends. 
(Fe.  Moub's  measuring  pipettes.) 

"When  a  fluid  runs  out  of  a  pipette,  drops  sometimes  remain 
here  and  there  adhering  to  the  tube ;  this  arises  from  a  film  of  fat 
on  the  inside ;  it  may  be  removed  by  keeping  the  instrument  some 
time  filled  with  a  solution  of  bichromate  of  potassa  mixed  with 
■ulphuric  acid. 
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ib.  Measuring  vestda  which  serve  to  measure  out  qttantUiea  of 
fluid  at  vnU, 

4.  The  Burette. 

Of  the  variouB  forms  and  diepositioDB  of  thia  inatroment,  the 
f  oUowiog  appear  to  me  the  most  couTenient : — 


L  Mohf's  Burette,  (Compreasion  cock  burette). 

For  this  excellent  measuring  apparatus,  wliich  is  reprosented  in 
fig-  7,  we  are  indebted  to  Fr.  Mohb.  It  consists  of  a  cylindrical 
tab^  narrower  towards  the  lower  end  for  about  an  inch,  with  a 
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alight  widening,  however,  at  the  extreme  point,  la  order  that  the 
caoatchouc  connector  may  take  a  firm  hold.  I  only  ose  hnrettes 
of  two  sizes,  viz.,  of  30  c.  c,  divided  into  -,1^  c.  c;  and  of  50  c.  c., 
divided  into  ^  e.  e.  The  former  I  employ  principally  in  BcieDtific, 
the  latter  chiefly  in  technical  investigations.  The  neoal  length  of 
my  30  c  c.  burette  is  about  60  cm.;  the  graduated  portion  occnpies 
about  49  cm.  The  diameter  of  ihe  tube  ie  accordingly  about  10 
mm.  in  the  clear ;  the  upper  orifice  is,  for  the  convenience  of  filling, 
widened  in  form  of  a  funnel,  measuring  20  mm.  in  diameter ;  the 
width  of  the  lower  orifice  is  5  mm.  For  very  delicate  processes, 
the  length  of  the  graduated  portion  may  be  extended  to  50  or  53 
cm.,  leaving  thus  intervale  of  nearly  2  mm.  between  the  small 
divisional  lines.  In  my  50  c  c.  burettes  the  graduated  portion  of 
the  tube  is  generally  40  cm.  long. 

To  make  the  instrument  ready  for  nse,  the  narrowed  lower  end 
of  the  tnbe  is  warmed  a  little,  and  greased  with  tallow ;  a  caout> 
chonc  tube,  about  30  mm.  long,  and  having  a  diameter  of  3  mm. 
in  the  clear,  is  then  drawn  over  it ;  into  the  other  end  of  this 
is  inserted  a  tube  of  pretty  thick  glass,  about  40  mm.  long,  and 
drawn  out  to  a  tolerably  fine  point;  it  a  advisable  to  slightly 
widen  the  upper  end  of  this 
tnbe  also,  and  to  cover  it  with  ' 
a  thin  coat  of  tallow ;  and  also 
to  tie  linen-thread,  or  twine,  1 
round  both  ends  of  the  con-  \ 
nector,  to  insure  perfect  tight- 
nesB-  -~ —      ^    g. 

The  space  between  the 
lower  orifice  of  the  burette  and  the  upper  orifice  of  the  small  do- 
livery  tube  should  be  about  15  mm.  The  India  rubber  tube  is 
now  pressed  together  between  the  ends  of  the  tubes  by  the  com- 
pression-cock (or  clip).  This  latter  instrument  is  usually  made 
outof  brass  wire;  the  form  represented  in  fig.  8  was  given  by 

MOHB. 

A  good  dip  must  pinch  so  tight  that  not  a  particle  of  fluid  can 
make  its  way  through  the  connector  when  compressed  by  it ;  it 
must  be  so  constructed  that  the  analyst  may  work  it  with  perfect 
facility  and  exactness,  so  as  to  regulate  the  ontflonc  of  the  liquid 
with  the  most  rigorous  accuracy,  by  bringing,  a.  higher  or  len. 
degree  of  pressure  to  bear  upon  it. 
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For  gapporting  Hohk's  buretteB,  I  use  the  holder  represented 
in  tig,  7 ;  this  instrament,  whilst  securely  confining  the  tabe,  per- 
mits its  being  moved  up  and  down  witli  perfect  freedom,  and  also 
its  being  taken  out,  without  interfering  with  the  compression-cock. 
The  position  of  the  burette  must  be  strictly  perpendicular,  to 
insure  which,  care  must  be  taken  to  have  the  grooves  of  the  cork 
lining,  which  are  intended  to  receive  the  tube,  perfectly  vertical, 
with  the  lower  board  of  the  stand  in  a  horizontal  position. 

To  charge  the  burette  for  a  voluinetrical  operation,  the  point 
of  the  instmment  is  immersed  in  the  liquid,  the  compression-cock 
opened,  and  a  little  liquid,  snfGcient  at  least  to  reach  into  the 
burette  tube,  sucked  up  by  applying  the  mouth  to  the  upper  end ; 
the  cock  is  then  closed,  and  the  liquid  poured  into  the  burette 
until  it  reaches  up  to  a  little  above  the  top  mark.  The  burette 
having,  if  required,  been  duly  adjusted  in  the  proper  vertical  posi- 
tion, the  liquid  is  allowed  to  drop  out  to  the  exact  level  of  the  top 
mark.  The  instrument  is  now  ready  for  use.  When  as  much 
liquid  has  flowed  out  as  is  required  te  attain  the  desired  object, 
the  analyst,  before  proceeding  to  read  off  the  volume  used,  has  to 
wait  a  few  minutes,  to  give  the  particles  of  fluid  adhering  to  the 
sides  of  the  emptied  portion  of  the  tube  proper  time  to  run  down. 
This  is  an  indispensable  part  of  the  operation  in  accnrate  measure- 
ments, since,  if  neglected,  an  experiment  in  which  the  standard 
liquid  in  the  burette  is  added  slowly  to  the  fluid  under  examina- 
tion (in  which,  accordingly,  the  minute  particles  of  fluid  adhering 
to  the  glass  have  proper  time  afforded  them  during  the  operation 
itself  to  run  down),  will,  of  course,  give  slightly  different  results 
from  those  arrived  at  in  another  experiment,  where  the  larger  por- 
tion of  the  standand  fluid  is  applied  rapidly,  and  the  last  few  drops 
alone  are  added  slowly. 

The  way  in  which  the  reading-off  is  effected,  is  8  matter  of 
great  importance  in  volumetric  analysis ;  the  first  requisite  is  to 
bring  the  eye  to  a  level  with  the  top  of  the  fluid.  We  must  con- 
sequently settle  the  qnestion — Wliat  is  to  be  considered  the  top  % 

If  you  hold  a  burette,  partly  filled  with  water,  between  the  eye 
and  a  strongly  illumined  wall,  the  surface  of  the  fluid  presents 
the  appearance  shown  in  flg.  10 ;  if  you  hold  close  behind  the  tube 
a  sheet  of  white  paper,  with  a  strong  light  falling  on  it,  the  sur- 
.face  of  the  fluid  presents  the  aiipearance  shown  in  fig.  9. 

.In  the.oneAB  well  as  in  the  otlier  case,  you  have  to  read  off  at 
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the  lower  border  of  the  dark  zone,  thia  being  the  most  distinctly 
marked  line.  Pr.  Mohb  recommends  the  following  device  for 
reading-off : — Paste  on  a  sheet  of  very  white  paper  a  broad  strip  of 
black  paper,  and,  when  reading-off,  hold  thia  close  behind  the 
burette,  in  a  position  to  place  the  border  line  between  white  and 
black  from  2  to  3  mm.  below  the  lower  border  of  the  dark  zone, 
as  shown  in  fig.  11 ;  read-o£E  at  the  lower  border  of  the  dark 
zone. 

Great  care  must  be  taken  to  hold  the  paper  invariably  in  the 
same  position,  since,  if  it  be  held  lower  down,  the  lower  border  of 
the  black  Kone  will  move  higher  up, 


Fig.  8.  Fig.  10.  Fig.  11. 

I  prefer  to  read-off  in  a  light  which  causes  the  appearance  rep- 
resented  in  tig.  9. 

By  the  use  of  Erdmann's  float  *  all  nncertainties  in  rcading-ofi 
may  be  avoided.  Fig.  12  represents  a  burette  thus  provided.  In 
this  ease  we  always  read  off  the  degree  of  the  burette  which  coin- 
cideswith  the  circle  in  the  middle  of  tlie  float.  The  float  must  be- 
so  fitted  to  the  width  of  the  burette  that  when  placed  in  the  filled 
burette,  it  will,  on  allowing  the  fluid  to  run  out  gradually,  sink 
down  with  the  same  without  wavering,  and  when  it  has  been 
pressed  down  into  the  fluid  of  the  closed  burette,  it  will  slowly 
rise  again.     The  weight  of  the  float  must,  if  necessary,  l>e  so  regu- 

•  Journ.  f.  prakt.  Chem.  71,  194. 


by  Google 


40  OPEEATIOH8.  [§  22. 

lated  by  mercury  that  when  placed  in  the  flUed  tube  it  may  cnt 
the  fluid  with  ita  top  tiniformly  all  round.  A  farther  important 
condition  of  the  float  is  that  its  axis  should  coincide  as  nearly  aa  poa- 
siblewith  that  of  the  bm^tte  tube,  so  that  the  division-mark  on  the 
burette  may  be  always  parallel  with  the  circular 
line  on  the  float. 

The  ooirectness  of  the  gradaation  of  a  burette 
is  tested  in  the  most  simple  way,  as  follows :  All 
the  instmment  up  to  tlie  highest  division  with 
water  of  16°,  then  let  10  c.  c.  of  the  liquid 
flow  out  into  an  accurately  weighed  flask,  and 
weigh;  then  let  another  quantity  of  10  c  c. 
flow  ont,  and  weigh  again,  and  repeat  the  oper- 
ation until  the  contents  of  the  burette  are  es- 
haofited.  If  the  instrument  is  correctly  graduated, 
every  10  c  c  of  water  of  16°  must  weigh  9-990 
grm.  Difierenees  up  to  O'OIO  grm.  may  be  dis- 
regarded, since  even  with  thegreatest  care  bestowed 
on  the  process  of  reading-ofl,  deviations  to  that 
extent  will  occur  in  repeated  measurements  of  the 
uppermost  10  c  c.  of  one  and  the  same  burette. 
With  the  float-burettes  the  weighings  agree  much 
more  accurately,  and  the  differences  for  10  c.  c.  do 
not  exceed  0'002  grm, 
p.  ^Mohb's  burette  is  unquestionably  tlie  best  and 

most  convenient  instrument  of  the  kind,  and  ought 
t\  be  employed  in  the  measurement  of  all  liqnids  which  are  not 
injuriously  ^ected  by  contact  with  caoutchouc.  Of  the  standard 
solutions  used  at  present  in  volumetric  analysis,  that  of  pennan- 
ganate  of  potaeaa  alone  cannot  bear  contact  with  caoutchouc 


rr.    Qay-lAJMsada  Burette. 

Pig.  13  represents  this  iostmment  in,  as  I  believe,  its  most 
practical  form. 

I  make  use  of  two  sizes,  one  of  50  c.  c.  divided  into  ^  a  o., 
the  other  of  30  c.  c.  divided  into  -jiij-  c.  c.  The  foi-mer  is  about 
33  cm.  long ;  the  graduated  portion  occupies  about  25  cm.;  the 
internal    diameter  of  the  wide  tube  measures  15  mm. ;    that  of 
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the  narrow  tube  4  mm,,  which  in  the  upper  bent  end  gradaally 
decreaseB  to  2  mm.  The  graduated  portion  of  the  smaller 
burette  is  about  28  cm.  long,  and  baa  accordingly  an  internal 
diameter  of  about  11  mm. 

The  stand  which  I  make  use  of  to  rest  my  burettes  in,  consists 
of  a  disk  of  solid  wood,  from  5  to  6  cm.  high,  and 
from  10  to  12  cm.  in  diameter,  with  holes  made  with 
the  anger  and  chisel,  of  proper  size  to  receive  the  bot- 
tom part  of  the  burettes. 

To  complete  the  instrument,  Hoeb  suggests  the 
use  of  a  perforated  cork,  bearing  a  short  glass  tube 
bent  at  aright  angle.  The  cork  being  inserted  into 
the  mouth  of  the  wide  tube,  a  piece  of  caoutchouc  is 
drawn  over  the  short  glass  tnbe ;  by  blowing  into  this 
with  greater  or  less  force,  the  outflow  of  the  liquid 
from  the  spout  of  the  slightly  slanting  burette  may 
be  regnlated  at  pleasure. 

The  reading-off  of  the  height  of  the  liquid  is 
effected  in  the  same  way  as  explained  in  §  21. 
I  prefer,  however,  placing  Uie  boiette  firmly  against 
a  perpendicular  partition,  either  a  strongly  illumined 
door,  or  the  pane  of  a  window,  to  insure  the  vertical 
position  of  the  instrument.  It  ia  only  when  operar 
ting  with  more  highly  concentrated,  and  accordingly 
opaque  solutions  of  permanganate  of  potassa,  that  the 
method  of  reading-off  requires  modification ;   in  that  ^' 

case,  the  upper  border  of  the  liquid  is  noted  ;  and  the  best  way  is 
to  place  the  burette  against  a  white  background,  and  read  oS  by 
reflected  light 


III.   Geissler'a  Burette, 

In  this  instrument,  which  is  represented  in  fig.  14,  the  narrow 
tube  is  placed  inside  the  wide  tube  instead  of  outside,  as  in  Gay- 
Lussac'b  burette.  The  part  of  the  inner  tube  projecting  beyond 
the  wide  tnbe  is  thick  in  the  glass  ;  whilst  the  part  inside,  which 
is  of  the  same  inside  width,  is  made  of  very  thin  glass. 

This  is  a  very  convenient  instrument,  and  less  liable  to  frac- 
ture than  Gat-Lussac's  burette. 
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II.  Fbblihimaht  Opebationb. — Preparation  of  SaBsTANCBs  fob 
THE  Pkocesses  of  Qoantttative  Analysis. 

§  24. 
1.  The  Srleciton  of  the  Sauple. 
Before  the  analygt  proceeds  to  make  the  quantitative  analysis 
of  a  body,  he  cannot  too  carefnlly  consider 
whether  the  desired  result  is  fully  attained  if  he 
simply  knows  the  respective  quantity  of  every 
individual  constituent  of  that  body.  Tliis  pri- 
mary point  is  hut  too  frequently  disregarded,  and 
thus  false  impressions  are  made,  even  by  the 
most  careful  analysis.  This  remark  applies  both 
to  scientific  and  to  technical  investigations. 

Therefore,  if  you  Iiave  to  determine  the 
constitution  of  a  mineral,  take  the  greatest  pos- 
sible care  to  remove  in  the  first  place  every 
particle  of  gangne,  and  disseminated  impuri- 
ties ;  remove  any  adherent  matter  by  wiping  or 
washing,  then  wrap  the  substance  up  in  a  sheet 
of  tliick  paper,  and  crush  it  to  pieces  on  a  steel 
anvil ;  and  pick  out  wttli  a  pair  of  small  pincers 
the  cleanest  pieces.  Crystalline  substanees, 
prepared  artificially,  ought  to  be  purified  by  re- 
crystal  lization  ;  precipitates  by  thorough  wash- 
ing, <&c.,  &c. 

In  technical  investigations, — when  called 
upon,  for  instance,  to  determine  the  amonnt  of 
peroxide  presentin  a  maiiganeRe  ore,  or  the 
amount  of  iron  present  in  an  ii-on  ore, — the  first 
point  for  consideration  ought  to  be  whether  the 
samples  selected  correspond  as  much  as  possible 
to  the  average  quality  of  the  ore.  What  would 
„.  , .  .  it  serve,  indeed,  to  the  purcliasor  of  a  manganese 
mine  to  know  the  amount  of  pcro.xide  present 
ill  a  select,  possibly  particularly  rich,  sample? 

These  few  observations  will  eufllicc  to  show  that  no  universally 
applicable  and  valid  niles  to  guide  the  analyst  in  tlic  selection  of 
the  sample  can  be  kid  down ;  he  must  in  every  individual  case. 
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on  the  one  hand,  examine  the  subetance  carefnlly,  and  more  par- 
ticnlarly  also  nnder  the  microscope,  or  throngh  a  leas ;  and,  on  the 
other  hand,  keep  clearlj  in  view  the  object  of  the  investigation, 
and  then  take  his  meaanres  accordingly. 


2.    MECHAincAL   DrVIBION. 

In  order  to  prepare  a  snbstance  for  analysis,  i.e.,  to  render  it 
accessible  to  the  action  of  solvents  or  fluxes,  it  is  generally  indis- 
pensable, in  the  first  place,  to  divide  it  into  minnte  parts,  since 
this  will  create  abnndant  points  of  contact  for  the  solvent,  and 
will  counteract,  and,  as  far  as  practicable,  remove  the  adverse 
influences  of  the  power  of  cohesion,  thns  fnlfilHng  all  the  condi- 
tiona  necessary  to  effect  a  complete  and  speedy  solution. 

Tlie  means  employed  to  attain  this  object  vary  according  to  the 
nature  of  the  different  bodies  we  have  to  operate  upon.  In  many 
caees,  simple  crashing  or  poondlng  is  sufficient ;  in  other  eases  it 
is  necessary  to  reduce  the  powder  to  the  veiy  highest  degree  of 
fineness,  by  sifting  or  by  elntriation. 

The  operation  of  powdering  is  conducted  in  mortars ;  the  first 
and  most  indispensable  condition  is,  that  the  material  of  the  mor- 
tar be  considerably  harder  than  the  substance  to  be  pulverized,  so 
as  to  prevent,  as  far  as  practicable,  the  latter  from  being  contami- 
nated with  any  particles  of  the  former.  Thus,  for  pounding  salts 
and  other  substances  possessing  no  very  considerable  degree  of 
hardness,  porcelain  mortars  may  be  used,  whilst  the  pounding  of 
harder  substances  (of  most  minerals,  for  instance,)  requires  vessels 
of  agate,  chalcedony,  or  flint.  In  such  cases,  the  larger  pieces  are 
first  reduced  to  a  coarse  powder ;  this  is  best  effected  by  wrapping 
them  up  in  several  sheets  of  writing-paper,  and  striking  them  with 
a  hammer  upon  a  steel  or  iron  plate ;  the  coarse  powder  thus 
obtained  is  then  pulverized,  in  small  portions  at  a  time,  in  an  agate 
mortar,  nntil  it  is  reduced  to  the  state  of  an  impalpable  powder. 
If  we  have  but  a  small  portion  of  a  mineral  to  operate  upon,  and 
indeed  in  all  cases  where  we  are  desirous  of  avoiding  loss,  it  is 
advisable  to  use  a  steel  mortar  (fig.  15)  for  the  preparatory  reduc- 
tion of  the  mineral  to  coarse  powder, 

ab  and  cd  represent  the  two  parts  of  the  mortar ;  these  may  bo 
readily  taken  asunder.    The  substance  to  be  crushed  (Iiaving,  if 
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practicable,  first  been  broken  into  small  pieces),  is  placed  in  the 
cylindrical  chamber  ef ;  the  steel  cylinder,  which  fits  somewhat 
loosely  into  the  chamber,  serves  as  pestle.  The  mortar  is  placed 
upon  a  solid  sapport,  and  perpendicular  blows  are  repeatedly 
struck  upon  the  pestle  with  a  hammer 
until  the  object  in  view  is  attained. 

Minerals  which  are  very  difficult 
to  pulverize  should  be  strongly  ignited, 
and  then  suddenly  plunged  into  cold 
water,  and  subsequently  again  ignited. 
This  process  is  of  course  applicable  only 
to  minerals  which  lose  no  essential  con- 
stituent on  ignition,  and  are  perfectly 
insoluble  in  water. 

In  the  purchasG  of  agate  mortars, 

especial  care  ought  to  be  taken  that  they 

have  no  palpable  cracks  or  indentations ; 

very  slight  cracks,  however,  that  cannot 

be  felt,  do  not  reader  the  mortar  useless,  although  they  impair  its 

durability. 

Minerals  insoluble  in  acids,  and  which  consequently  require 
facing,  must  especially  be  finely  divided,  otherwise  we  cannot  calcu- 
late upon  complete  decomposition.  This  object  may  be  obtained 
either  by  triturating  the  pounded  mineml  with  water,  or  by  elntri- 
ation,  or  by  sifting;  the  two  former  processes,  however,  can  bo 
I'esorted  to  only  in  the  case  of  substances  which  are  not  attacked 
by  water.  It  is  quite  clear  that  analysts  must  in  future  be  much 
more  cautious  in  this  point  than  has  hitherto  been  the  case,  since 
we  know  now  that  many  substances  which  are  usually  held  to  be 
insoluble  in  water  are,  when  in  a  state  of  minute  division,  strongly 
affected  by  that  solvent;  thus,  for  instance,  water,  acting  upon 
some  sorts  of  finely  pulverized  glass,  is  found  to  rapidly  dissolve 
from  2  to  3  per  cent,  of  powder  even  in  the  cold.  (Pelooze.*) 
Thus,  again,  finely  divided  feldspar,  granite,  trachyte  and  porphyry 
give  up  to  water  both  alkali  and  silica.     (H,  LnDwio-f) 

Trituration  with  water  {levigation).  Add  a  little  water  to  the 
pounded  mineral  in  the  mortar,  and  triturate  the  paste  until  all 
crepitation  ceases,  or,  which  is  a  more  expeditious  process,  transfer 

•  Compt.  Rend.,  t,  xliiL  pp.  117-138.  f  Arcbiv  der  Pharm.  91, 147. 
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the  mineral  paste  from  the  mortar  to  an  agate  or  flint  slab,  and  tritu- 
rate it  thereon  with  a  muller.  Rinae  the  paste  off,  with  the  wasli- 
ing  bottle,  into  a  smooth  porcelain  baein  of  hemispheric  form, 
evaporate  the  water  on  the  water-bath,  and  mix  the  residue  most 
carefully  with  the  pestle.  (The  paste  may  be  dried  also  in  the 
agate  mortar,  but  at  a  very  gentle  heat,  since  otherwise  the  mortar 
might  crack.) 

To  perform  the  process  of  dutriation,  the  pasty  mass,  having 
first  been  very  finely  triturated  with  water,  is  washed  off  into  a 
beaker,  and  stirred  with  distilled  water ;  the  mixture  is  then  allowed 
to  stand  a  minute  or  so,  after  which  the  supernatant  turbid  fluid  is 
poared  off  into  another  beaker.  Tlie  sediment,  which  contains  the 
coarser  parts,  is  then  again  subjected  to  tlie  process  of ,  trituration, 
etc.,  and  the  same  operation  repeated  until  the  whole  quantity  is 
elutriated.  The  turbid  fluid  is  allowed  to  stand  at  rest  until  the 
minute  particles  of  the  substance  held  in  suspension  have  subsided, 
which  generally  takes  many  hours.  The  water  is  then  finally 
decanted,  and  the  powder  dried  in  the  beaker. 

The  process  of  sifting  is  conducted  as  follows :  a  piece  of  fine, 
well-washed,  and  thoroughly  dry  linen  is  placed  over  the  mouth  of 
a  bottle  abont  10  cm.  high,  and  pressed  down  a  little  into  the  mouth, 
so  as  to  form  a  kind  of  bag ;  a  portion  of  the  finely  triturated  sub- 
stance is  put  into  the  bag,  and  a  piece  of  soft  leather  stretched  tightly 
over  the  top  by  way  of  cover.  By  dnimmingwith  thefingeron  the 
leather  cover,  a  shaking  motion  is  imparted  to  the  bag,  which 
makes  the  finer  particles  of  the  powder  gradually  pase  through  the 
linen.  The  portion  remaining  in  the  bag  is  subjected  again  to 
trituration  in  an  agate  mortar,  and,  together  with  a  fresh  portion 
of  the  powder,  sifted  again;  and  the  same  process  is  continued 
until  the  entire  mass  has  pass  through  the  bag  into  the  glass. 

When  operating  on  substances  consisting  of  different  com- 
pounds it  woiild  be  a  grave  error  indeed  to  use  for  analysis  the 
powder  resulting  from  the  first  process  of  elutriation  or  sifting, 
since  this  will  contain  the  more  readily  pnlverizable  constituents  in 
a  greater  proportion  to  the  more  resisting  ones  than  is  the  case 
with  the  original  substance. 

Great  care  must,  therefore,  also  be  taken  to  avoid  a  loss  of 
substance  in  the  process  of  elutriation  or  sifting,  as  this  loss  is 
likely  to  be  distributed  unequally  among  the  several  component 
parts. 
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Id  cases  where  it  is  intended  to  ascertain  the  average  compoei- 
tion  of  a  heterogeneous  substance,  of  an  iron  ore  for  instance,  a 
large  average  sample  is  selected,  and  reduced  to  a  coarse  powder ; 
the  latter  is  thoroughly  intermixed,  a  portion  of  it  powdered  more 
finely,  and  mixed  uniformly,  and  finally  the  quantity  required  for 
analysis  is  reduced  to  the  finest  powder.  The  most  convenient 
instrument  for  the  crushing  and  coarse  pounding  of  large  samples 
of  ore,  &c.,  is  a  steel  anvil  and  hammer.  The  anvil  in  my  own 
laboratory  consbts  of  a  wood  pillar,  85  cm.  high  and  26  cm.  in 
diameter,  into  which  a  steel  plate,  3  cm.  thick  and  20  cm.  in 
diameter,  is  let  to  the  depth  of  one-half  uf  its  thickness.  A  brass 
ring,  5  cm.  high,  fits  round  the  upper  projecting  part  of  the  steel 
plate.  The  hammer,  which  is  well  steeled,  liaE  a  striking  surface 
of  5  cm.  diameter.  An  anvil  and  hammer  of  this  kind  aSord, 
among  others,  this  advantage,  that  their  steel  surfaces  admit  most 
readily  of  cleaning.  To  convert  the  coarse  powder  into  a  finer,  a 
smootii-tuvned  steel  mortar  of  about  130  mm.  upper  diameter  and 
74  mm.  deep  is  used — the  final  trituration  is  conducted  in  an  agate 
mortar. 


3.  Detimo. 

Bodies  whidi  it  is  intended  to  analyze  quantitatively  must  be, 
when  weighed,  in  a  definite  state,  in  a  condition  in  which  they  can 
be  always  obtained  again. 

Now,  the  essential  constituents  of  a  substance  are  usually  accom- 
panied by  an  nnessential  one,  viz.,  a  greater  or  less  amount  of 
water,  enclosed  either  within  its  lamellffi,  or  adhering  to  it  from 
the  mode  of  its  preparation,  or  absorbed  by  it  from  the  atmosphere. 
It  is  perfectly  obvious  that  to  estimate  correctly  the  quantity  of  a 
substance,  we  must,  in  the  first  place,  remove  this  variable  amount 
of  water.  Moat  solid  bodies,  therefore,  require  to  he  dried  hefor% 
they  can  he  quantitatively  analysed. 

The  operation  of  drying  is  of  tlie  very  highest  importance  for 
the  correctness  of  the  results  ;  indeed  it  may  safely  bo  averred  that 
many  of  the  difEerences  observed  in  analytical  researches  proceed 
entirely  from  the  fact  that  substances  are  analyzed  in  different 
states  of  moisture. 

Many  bodies  contain,  as  is  well  known,  water  which  is  proper 
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to  them  either  as  inherent  in  tlieir  constitution  or  ae  60-<:alled  water 
of  crystallization.  In  contradistinction  to  this,  we  will  employ  the 
term  mowture  to  deeiguate  that  variable  adherent  or  mechanically 
enclosed  water,  with  the  removal  of  which  the  operation  of  drying 
in  the  eenae  here  in  view  is  alone  concerned. 

In  the  drying  of  aubatances  for  quantitative  analysis,  our  object 
is  to  remove  all  moistore,  without  interfering  in  t!ie  slightest  degree 
with  combined  watei'  or  any  other  constituent  of  the  body.  To 
accomplish  this  object,  it  is  absolutely  requisite  that  we  should 
know  the  properties  which  the  substance  under  examination  mani- 
fests in  the  dry  state,  and  whether  it  loses  water  or  other  constitu- 
ents at  a  red  heat,  or  at  100°,  or  in  dried  air,  or  even  simply  in 
contact  with  the  atmosphere.  These  data  will  serve  to  guide  us  in 
the  selection  of  the  process  of  desiccation  best  suited  to  each  sub- 
stance.* 

The  following  classification  may  accordingly  be  adopted  : — 

a.  Substances  which  lose  -water  even  in  simple  c&ntact  with  the 
atmosphere  /  such  as  sodium  sulphate,  cr}'stallized  Bodinm  carbon- 
ate, etc  Substances  of  this  hind  tarn  dull  and  opaque  when 
exposed  to  the  air,  and  finally  crumble  wliollj  or  partially  to  a  white 
powder.  They  are  more  difficult  to  dry  tlian  many  other  bodies. 
The  process  best  adapted  for  the  purpose,  is  to  press  the  pulverized 
salts  with  some  degree  of  force  between  thick  layers  of  fine  white 
blotting-paper,  repeating  the  operation  with  fredi  paper  until  the 
last  sheets  remain  aieolutely  dry. 

It  is  generally  advisable  in  the  course  of  this  operation  to  repow- 
der  the  salt. 

h.  Substances  which  do  not  yield  water  to  the  atinosphere  {tinless 
it  is  perfectly  dry),  hut  effloresce  in  ariijicially  dried  air  y  such  as 
magnesium  sulphate,  sodium  potaseinm  taitrate  (Eochelle  salt),  &c. 
Salts  of  this  kind  are  reduced  to  powder,  wliicli,  if  it  be  very 
moist,  is  pressed  between  sheets  of  blotting-paper,  as  in  a ;  after 
this  operation,  it  must  be  allowed  to  remain  for  some  time  spread 
in  a  thin  layer  upon  a  sheet  of  blotting-paper,  ofFcctually  protected 
against  dust,  and  sliielded  from  the  direct  rays  of  the  sun. 

*  The  dried  Bubstnnco  should  olnays  at  onro  txi  tninsferrcd  to  n  well  closed 
Tessel;  glaaa  lubes,  sealed  at  ono  cntl.  and  of  Biililcienily  tliick  glass  to  bear  the 
flnniDsertionoftiglit-flttiDgsmoothcorks — ivcigliiDg-tubes— ore  usually  employed 
Cot  tbU  purpose. 
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§27. 

e.  Substances  which  undergo  no  alieratton  in  dried  air,  hut  loie 
tcater  at  100" ;  calcium  tartrate,  for  inBtatiec.  These  are  finely 
pulverized  ;  the  powder  is  put  in  a  thin  layer  into  a  watch-glass  or 
eliallow  dish,  and  the  latter  placed  inside  a  diamber  in  which  the 
air  is  kept  dry  by  means  of  sulphuric  acid.  This  process  is  usually 
conducted  in  one  of  the  following  apparatuses,  which  are  termed 
desiccators,  and  subserve  still  another  purpose  besides  that  of  dry- 
ing, viz.,  that  of  allowing  hot  crucibles,  dishes,  etc.,  to  cool  in  dry 


In  fig.  16,  a  represents  a  glass  plate  (ground-glass  plates  ai 
the  purpose  best),  5,  a  bell  jar  with  ground  rim,  which  is  greased 
with  tallow ;  c  is  a  glass  basin  with  sulphuric  acid ;  d,  a  round  iron 


Vlg.  16.  Tig.  17. 

plate,  supported  on  three  feet,  with  circular  holes  of  various  sizes, 
for  the  reception  of  the  watch-glasses,  crucibles,  etc.,  containing  the 
substance. 

In  fig.  17,  a  represents  a  beaker  with  ground  and  greased  rim, 
and  filled  to  one-fourth  or  one-third  with  concentrated  sulphuric 
acid ;  5  is  a  ground-glass  plate ;  c  is  a  bent  wire  of  lead,  which 
serves  to  support  the  watch-glass  containing  the  substance. 

Fig.  18  represents  a  readily  portable  desiccator,  used  more  par- 
ticularly to  receive  crucibles  in  course  of  cooling,  and  carry  them 
to  the  balance.  The  instrument  consists  of  a  box  made  of  strong 
glass ;  the  lid  must  be  ground  to  shut  air-tight ;  the  place  on  which 
it  joins  is  greased  with  tallow.     The  outer  diameter  of  my  boxea 
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m  105  mm. ;  tte  sides  are  6  mm.  thick.     Tlic  aperture  hr,s  a  dii;iu- 

eter  of  80  mm. ;  the  box  up  to  the  email  part  is  66  mm.  high ;  the 

lid  has  the  same  height ;  the  email  part 

it&elf  is  15  mm.  high,  and  ground  to  a 

Blightlj  conical  shape.     A  brass  ring, 

with  rim,  fits  exactly  into  the  aperture ; 

the  rim  must  not  project  beyond  the 

glase.     The  ring  bears  a  triangle  of 

iron,  or,  better,  platinum  wire,  intended 

for  the  reception  of  ci'ucibles,  &c. 

The  body  which  it  is  intended  to 
dry  is  kept  exposed  to  the  action  of 
the  dry  air  in  the  glass,  until  it  ehowa 
no  farther  diminntion  of  weight.  Sub- 
stances upon  which  the  oxygen  of  the 
air  exercises  a  modifying  influence  are 
dried  in  a  similar  manner,  under  tha 
exiiausted  receiver  of  an  air-pump. 
Substances   which,  though  losing  no  pj_  |q 

water  in  dry  air,  yet  give  off  ammonia, 

are  dried  over  quicklime,  mixed  with  some  chloride  of  ammonium 
in  powder,  and  consequently  in  an  anhydrous  aomiouiacal  atmo- 


d.  Substances  which  at  100°  ctympletely  lose  their  moisture, 
without  suffering  any  other  alteration,  such  as  hydrogen  potas- 
sium tartrate,  sugar,  etc  These  are  dried  in  the  water-bath ;  in 
,  the  case  of  slow-drying  substances,  or  where  it  is  wished  to  expe- 
dite the  operation,  with  the  aid  of  a  cur- 
rent of  dry  air. 

Fig.  19  represents  the  water-bath 
most  commonly  used.  It  is  made  of 
sheet  copper.  The  engraving  renders 
a  detailed  description  unnecessary.  The 
inner  chamber,  c,  is  surrouuded  on  five 
sides  by  the  outer  case  or  jacket,  d  e, 
without  communicating  with  it.     The  «_  ,g 

object  of  the  apertures  g  and  h  is  to  effect 
change  of  air,  which  pnrpose  they  answer  sufficiently  well.     When 
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it  19  intended  to  nae  tlie  apparatus,  the  outer  case  ib  filled  to  about 
onc-lialf  witli  rain-water,  and  the  aperture  a  is  closed  witli  a  perfor- 
ated cork,  into  which  a  glass  tube  is  fitted  ;  the  apcrtnre  b  is  entirely 
closed.  If  the  apparatus  is  intended  to  be  heated  over  charcoal,  it 
should  have  a  length  of  about  20  cm.  from  d  to  ^;  but  if  over  a 
gas-,  spirit-,  or  oil-lamp,  it  should  be  ouly  about  13  cui.  long.  In 
the  former  case,  the  inner  chamber  is  17  cm.  deep,  14  em.  broad, 
and  10  cm.  high ;  in  the  latter  ease,  it  is  10  cm.  deep,  9  em.  broad, 
and  6  cm.  high.  The  tempei-ature  in  the  inner  chamber  never 
quite  reaches  100° ;  to  bring  it  up  to  100°,  F.  Gochledeb  lias  sng- 
gested  to  close  li  with  a  double-limbed  tube,  the  outer  longer  limb 
of  which  dips  into  a  cylinder  filled  with  water;  a  is  in  that  case 
closed  with  a  perforated  cork  bearing  a  snfiiciently  tall  funnel 
tube,  which  fits  air-tight  in  the  cork.  The  lower  end  of  this  tube 
reaches  down  to  one  inch  from  the  bottom. 

In  large  analytical  laboratories  water  is  usnallj'  kept  boiling  all 
day  long,  for  the  production  of  distilled  water.  The  boilers  naed 
in  my  own  laboratory  have  the  shape  of  somewhat  oblong  square 
boxes,  ahout  120  cm.  long,  60  cm.  broad,  and  24  cm.  high ;  tlie 
front  of  the  boiler  has  soldered  into  it,  one  above  tlie  other,  two 
rows  of  drying  chambers,  of  the  kind  shown  in  fig.  19.  This 
gives  so  many  ovena  that  almost  every  student  may  have  one  for 
his  special  use.  Most  of  these  ovens  are  from  11  to  12  cm.  deep 
and  broad,  and  8  cm.  high ;  some  of  them,  however,  arc  16  em. 
deep  and  broad,  to  enable  them  to  receive  large-sized  dishes.  The 
substances  to  be  dried  are  usually  put  on  double  watch-glasses, 
laid  one  within  the  otlicr,  which  are  placed  in  the  oven,  and  the 
door  is  then  closed.  In  the  subsequent  process  of  weighing,  the 
upper  glass,  which  contains  the  substance,  is  covered  with  the 
lower  one.  The  glasses  must  be  quite  cold  before  they  are  placed 
on  the  scale.  In  cases 
where  we  have  to  deal  with 
hygroscopic  cubstances,  the 

(reabsorpt  ion  of  water  upon 
cooling  is  prevented  by  the 
selection     of    close-fitting 
J,.    3Q  glasses,    which    are    held 

tight  together  by  a  clasp 
(fig.  20),  and  allowed  to  cool  with  their  contents  under  a  bell- 
glass  over  sulphuric  acid  (see  fig,  16).     Tliesc  latter  instructiona 
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apply  eqnally  to  the  process  of  drjmg  condncted  in  other  appa- 
ratus. 

The  clasp  need  for  keeping  the  watch-glaeeee  pressed  together 
— and  which  in  all  cases  wliere  it  is  intended  to  ascertain  the  loss 
of  weight  which  a  substance  suffers  on  desiccation,  is  to  be  looked 
upon  as  belonging  to  the  glasses,  and  must  accordingly  be  weighed 
with  them — is  constructed  of  two  strips  of  thin  brass  plate,  about 
10  cm.  long,  and  1  em,  wide,  which  are  laid  the  one  over  the 
other,  and  soldered  together  at  the  ends,  to  the  extent  of  5  to  6  mm. 

The  following  appaiatOB  (fig.  21)  serves  for  drying  substances 
in  a  current  of  air : — 


Fig.  21. 

a  represents  a  flask  filled  to  one-third  with  concentrated  sul- 
phuric acid ;  c  a  glass  vessel  (commonly  called  a  Liebio'b  drying- 
tnbe),  and  d  a  tin  vessel  provided  with  a  stop-cock  at  e,  and 
arranged  in  other  respects  as  the  cut  shows. 

A,  i,  represents  a  small  tin  vessel,  containing  water  and  covered 
with  a  lid ;  two  apertures  are  cut  into  the  border  of  the  latter,  to 
receive  the  ascending  limbs  of  c. 

The  tube  e  is  first  weighed  with  the  substance,  then  placed  in 
the  water-bath.  A,  i,  which  is  placed  over  a  spirit-  or  gas-lamp ; 
the  aspirator  d  is  then  filled  with  water,  and  c  connected  with  tlie 
flask  a  bj  the  perforated  cork  g,  and  with  d  by  means  of  a  caout- 
chouc tnbey.  If  the  stop-cock  e  be  now  opened  so  "as  to  cause  the 
water  to  drop  from  d,  the  air  will  pass  through  the  tube  h,  and 
after  being  dehydrated  by  the  sulphuric  acid,  will  pass  over  the 
heated  substance  in  c.  After  the  operation  has  been  continued 
for  some  time,  it  is  interrupted  for  the  purpose  of  weighing  the 
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tnbe  c  and  ite  coatents,  and  then  resmned  again,  and  continued 
until  the  weight  of  c  (and  ita  contents)  remains  stationary.  The 
current  of  cold  air  exerciging  its  constant  cooling  action  upon  the 
substance,  the  latter  never  really  reaches  100°.  It  is,  therefore, 
sometimes  advisahle  to  substitnte  for  the  water  in  the  bath  a  satu- 
rated solution  of  common  salt. 

With  this  substitution,  the  apparatus  represented  in  fig.  21 
will  be  found  to  effect  its  purpoeo  the  most  expeditiously.  It  is 
not  adapted,  however,  for  drying  saoh  Bubstances  as  ha-ve  a  ten- 
dency to  fuse  or  agglutinate  at  100°. 


e.  &iiet(moes  which  peraiatertikf  retain  moisture  at  100°,  or 
become  comphtely  dry  only  after  a  very  long  time  •  hut  which  are 
decomposed  hy  a  red  heat. 

The  desiccation  of  such  substances  is  effected  in  the  air-bath  or 
oil-bath,  the  temperature  being  raised  to  110-120°,  and  stillhigher, 
and,  according  to  circumstances, 
with  or  withont  application  of  a 
cun-ent  of  air,  carbon  dioxide, 
or  hydrogen. 

Figs.  22  and  23  represent  two 
air-baths  of  simple  construction ; 
the  former  (fig.  22)  adapted  for 
the  desiccation  of  a  single  sub- 
stance, the  latter  suited  for  the 
simultaneous  drying  of  several 
substances. 

In  iig.  22,  J.  is  a  box  of  strong 
sheet  copper,  about  11  cm.  high, 
and  9  cm.  in  diameter.  The  box 
is  closed  with  the  loose-fitting 
cover  £,  which  is  provided  with  a 
narrow  rim,  and  has  two  aper- 
tures, C  and  E;  C  is  intended 


Fig,  a 


to  receive  the  thermometer  D, 


which  is  fitted  into  it  by  a  per- 
forated cork,  £"  affords  an  exit  to  tho  nqueous  vapors,  and  is.  ac- 
cording to  eiivu instances,  either  left  open,  or  loosely  closed.     In 
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the  interior  of  the  hex,  about  half-way  up,  are  fixed  three  pins, 
supporting  a.  triangle  of  moderately  stout  wire,  upon  which  the 
crucible  with  the  snbetance  is  placed  anoovered.  The  bulb  of  the 
thermometer  approaches  the  cnicible  aa  closely  as  possible,  but 
without  touching  the  triangle.  The  heating  is  effected  by  means 
of  a  gas-  or  spirit-lamp.  When  tiie  apparatus  has  cooled  sufficient- 
ly to  allow  its  being  laid  hold  of  without  inconvenience,  the  lid  is 
removed,  the  crucible,  which  is  still  warm,  taken  out,  covered,  and 
allowed  to  cool  in  a  desiccator;  and  weighed  when  cold. 

In  Sg.  23,  a  i  is  a  case  of  Btrong  sh.eet  copper,  with  riveted  or 
locked  joints,  of  a  width 
and  depth  of  15  to  20  cm., 
and  corresponding  height. 
The  aperture  c  is  intended 
to  receive  a  perforated 
cork,  into  which  is  fixed 
a  thennometer,  d,  which 
reaches  into  the  interior 
of  the  case ;  within  ie  a 
shelf,  on  which  are  placed 
the  watch-glasses  with  the 
substances  to  be  dried. 
The  ease  is  heated  by  means 
of  a  gas-,  spirit-,  or  oil-lamp. 
When  the  temperature  has 
once  reached  the  intended 
point,  it  is  easy  to  maintain 
it  pretty  constant,  by  rega- 

lating  the  flame.*  In  order  to  limit  as  much  as  possible  the  cooling 
from  without,  it  is  advisable  to  put  over  the  whole  apparatus  a 
pasteboard  hood  with  a  movable  front. 

[The  air-bath,  fig.  23,  by  a  slight  alteration,  may  serve  for  de- 
siccating in  a  stream  of  dry  air.  For  this  purpose,  cut  a  circular 
orifice,  36  ram,  wide,  in  each  end  of  the  copper  chamber,  and  rivet 
over  each  orifice  a  copper  tube  or  ring  of  corresponding  diameter, 
and  25  mm.  long.  Fit  a  glass  tube  of  20  mm.  diameter,  by  means 
(if  perforated  corks,  into  these  openings,  so  that  it  shall  traverse 
(lie  chamber  and  project  40-50  mm.  beyond  the  corks  at  each  end. 
*  With  a  gas-lnrap,  Kemp's  regulator  ioiproved  by  Bunsen,  may  advant* 
(;enu9iy  be  iise*l  In  nbtnia  conatant  temperatures. 
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The  copper  tubes  should  be  eo  adjaeted  that  the  glass  tube  shall 
ataod  horizontally  in  the  chamber,  at  the  same  height  ae  the  ther- 
mometer bulb  and  just  behind  it.  To  produce  the  current  of  dry 
air  one  of  the  projecting  ends  of  the  wide  tube  is  connected  by  a 
narrow  glaes  tube  and  perforated  cork,  with  an  aspirator  as  in  lig. 
21,  the  other  with  a  large  aUcium  chloride  tube ;  the  water  of  the 
aspirator  is  allowed  to  run  oS  somewhat  rapidly  at  first,  more 
slowly  afterwards.  The  end  of  the  tube  that  delivers  tlie  air  into 
the  wide  tube  ia  recurved,  so  that  the  Bubstance  withiu  shall  not 
be  carried  away  in  the  current. 

The  substance  to  be  dried  is  weighed  out  in  a  tray  of  platinum 
or  porcelain,  fig.  24,  which  is  pushed  within  the  wide  glass  tube 
by  help  of  a  wire.  When  the  snb- 
'  Btance  is  hygroscopic,  the  tray  is 
placed  horizontally  within  a  test- 
tube,  which  is  corked  while  the 
weight  is  being  ascertained.  The  snbstance  and  tray,  after  drying, 
may  be  cooled  in  the  same  teet-tubo ;  in  that  case  just  before  put- 
ting on  the  balance,  the  cork  should  be  removed  momentarily  to 
allow  the  tube  to  fill  with  air.] 


The  copper  apparatus  represented  in  fig.  19,  when  made  with 
brazed  joints,  can  be  employed  also  a»  a  paraffine-bath ;  when  used 
for  that  purpose,  the  outer  case  is  tilled  to  two-thirds  with  par- 
atfine.  To  note  the  temperature,  a  thermometer  is  inserted,  by 
means  of  a  perforated  cork,  in  the  aperture  a ;  with  the  bulb 
reaching  nearly  to  the  bottom,  or,  at  all  events,  entirely  immersed 
in  the  paraffine. 

Many  organic  substances,  when  dried  at  a  somewhat  high  tem- 
perature, snfEer  alteration  by  the  action  of  the  atmospheric  oxygen. 
In  the  desiccation  of  such  substances,  oxygen  must  accordingly  be 
excluded. 

[Tlie  drying  of  such  Iwdies  is  conducted  as  just  described  in 
the  modified  air-bath,  but  in  a  stream  of  dried  and  purified  hydro- 
gen or  carbonic  acid  (see  §  29).  The  gas  is  evolved  from  a  self- 
regulating  generator  (see  fig.  50),  §  108. 
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f.  Substances  which  suffer  no  alteration  at  a  red  heat,  rach  as 
barium  sulphate,  pearlasli,  etc.,  are  very  readily  freed  from  mois- 
ture. They  need  Bimply  be  heated  iu  a  platinum  or  porcelain 
eiucible  over  a  gas  or  gpirit-lamp  until  the  desii'ed  end  is  attained. 
The  crucible,  having  first  been  allowed  to  cool  a  little,  is  put,  still 
hot,  under  a  desiccator,  and  finally  weighed  when  cold. 

III.  Genebal  Fbocsddbe  m  QuAnnrATiyB  Analyses. 


It  is  important,  in  the  first  place,  to  observe  that  we  embrace 
in  the  following  general  analytical  method  only  the  separation  and 
determination  of  the  metals  and  their  combinations  with  the 
metalloids,  and  of  the  inorf^ic  acids  and  salts.  With  respect  to 
the  quantitative  analysis  of  other  compounds,  it  is  not  easy  to  lay 
down  a  nniTersally  applicable  method,  except  that  their  constitu- 
ents usually  require  to  be  converted  first  into  acids  or  bases,  before 
their  separation  and  estimation  can  be  attempted ;  this  is  the  case, 
for  instance,  with  phosphorus  sulphide,  suiphnr  chloride,  iodine 
chloride,  nitrogen  sulphide,  &c. 

The  quantitative  analysis  of  a  snbstance  presupposes  an  accurate 
knowledge  of  the  properties  of  the  same,  and  of  the  nature  of  its 
several  constituents.  Tliese  data  will  enable  the  operator  at  once 
to  decide  whether  the  direct  estimation  of  each  individual  constitu- 
ent 18  necessary ;  whether  he  need  operate  only  on  one  portion 
of  the  substance,  or  whether  it  would  be  advantageous  to  deter- 
mine each  constituent  in  different  portions.  Let  ns  suppose,  for 
instance,  we  have  a  mixture  of  sodium  chloride  and  anhydrous 
sodium  sulphate,  and  wish  to  ascertain  the  proportion  in  v-hich 
these  two  snbstances  are  mixed.  Here  it  would  be  superduoiis  to 
determine  each  constituent  directly,  since  the  determination  either 
of  the  quantity  of  the  chlorine,  or  o£  the  sulphuric  acid,  is  quite 
sufficient  to  answer  the  purpose  \  still  the  estimation  of  both  the 
chlorine  and  the  sulphur  tnoxide  will  afford  us  an  infallible  con- 
trol for  the  correctness  of  our  analysis ;  since  the  united  weights 
of  these  two  subetancee,  added  to  the  sodium  and  soda  respectively 
equivalent  to  them,  moat  be  equal  to  the  weight  of  the  substance 
taken. 
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These  eEtimatiooe  may  be  made,  either  in  one  and  the  Baine 
portion  of  the  mixture,  by  first  precipitating  tlie  sulphuric  acid 
with  barium  nitrate,  and  subsequently  the  hydrochloric  acid  from 
the  filtrate  with  soUition  of  silver  nitrate ;  or  a  separate  portion  of 
the  mixture  may  be  appropriated  to  each  of  these  two  operations. 
Unless  there  is  some  objection  to  its  nse  {e.g.,  deficiency  or  lietero- 
geneousnesa  of  substance),  the  latter  method  is  more  convenient 
and  generally  yields  more  accurate  results  ;  since,  in  the  foi-mer 
method,  the  unavoidable  washing  of  the  first  precipitate  swells  the 
amount  of  Uquid  so  considerably  that  the  analysis  is  thereby 
delayed,  and,  moreover,  loss  of  substance  less  easily  guarded 
against. 

Before  beginning  all  analyses,  at  least  those  of  a  more  complex 
nature,  the  student  should  write  out  an  exact  plan,  and  aecumtely 
note  on  paper,  daring  the  entire  process,  everything  that  he  does. 
It  is  in  the  highest  degree  unwise  to  rely  on  the  memory  in  a  com- 
plicated analysis.  When  students,  who  imagine  they  can  do  so, 
come,  a  week  or  a  fortnight  after  they  have  begun  their  analysis, 
to  work  out  the  results,  they  find  generally  too  late  that  they  have 
forgotten  much,  which  now  appears  to  them  of  importance  to 
know.  The  intelligent  pursuit  of  chemical  analysis  consists  in  the 
projecting  and  accurate  testing  of  the  plan ;  acuteness  and  the 
power  of  passing  in  review  all  the  influencing  chemical  relations 
must  here  support  each  other.  He  who  works  without  a  thor- 
oughly thought-out  plan,  has  no  right  to  say  he  is  practising  chem- 
istry ;  for  a  mere  unthinking  stringing  together  of  a  series  of  filtra- 
tions,  evaporations,  ignitions,  and  weighings,  howsoever  well  these 
several  operations  may  be  performed,  is  not  chemistiy. 

We  will  now  proceed  to  describe  the  various  opeiutions  consti- 
tuting the  process  of  quantitative  analysis. 


1.    "WbIGHINO   the    SUBSTAITOB. 

The  amount  of  matter  required  for  the  quantitative  analysis  of  a 
substance  depends  upon  the  nature  of  its  constituents ;  it  is,  there- 
fore, impossible  to  lay  down  rules  for  guidance  on  this  point. 
Half  a  gramme  of  sodium  chloride,  and  even  leas,  is  sufficient  to 
efiiect  the  estimation  of  the  chlorine.  For  the  quantitative  analy- 
sis of  a  mixture  of  common  salt  and  anhydrous  sodium  sulphate,  1 
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gramme  will  BnfScc ;  whereas,  in  the  case  of  ashes  of  plants,  com- 
plex minerals,  &c,  3  or  4  grammes,  and  even  more,  are  reqnired. 
1  to  3  grm.  can  therefore  be  indicated  as  the  average  gnantity 
suitable  in  most  cases.  For  the  estimation  of  constitnents  present 
in  very  minnte  proportions  only,  aa,  for  instance,  sodium  and 
potaesinm  in  limeetonee,  phospbonie  or  eiilphnr  in  cast-iron,  &c, 
much  greater  quantities  are  often  required — 10,  20,  or  50  grammes. 

The  greater  the  amount  of  eubetance  taken  the  more  accurate 
will  be  the  analysis ;  the  smaller  the  qnantity,  the  sooner,  as  a  nile, 
will  the  analysis  be  finished.  We  would  advise  the  student  to 
endeavor  to  combine  accnracy  with  economy  of  time.  The  less 
substance  he  takes  to  operate  upon,  the  more  carefully  he  onght  to 
weigh;  the  larger  the  amount  of  substance,  the  less  harm  can 
result  from  slight  inaecuraeiea  in  weighing.  Somewhat  large 
quantities  of  substance  are  generally  weighed  to  1  milligramme  ; 
minute  quantities,  to  ^^  of  a  milligramme. 

Hone  portion  of  a  substance  is  to  be  weighed  off,  we  first 
weigh  two  watch-glasses  which  fit  on  each  other,  or  eke  an  empty 
platinum  crucible  with  lid,  then  we  put  some  substance  in,  and 
weigh  again  ;  the  difference  between  the  two  weighings  gives  the 
weight  of  the  substance  taken. 

If  several  quantities  of  a  substance  are  to  be  operated  upon, 
tlie  best  way  is  to  weigh  off  the  several  portions  successively; 
which  may  be  accomplished  most  readily  by  weighing  in  a  glass 
tube,  or  otlier  appropriate  vessel,  the  whole  amount  of  substance, 
and  then  shaking  out  of  the  tube  the  quantities  reqnired  one 
after  another  into  appropriate  vessels,  weighing  the  tube  after  each 
time. 

The  work  may  often  also  be  materially  lightened,  by  weighing 
off  a  lai^r  portion  of  the  substance,  dissolving  this  to  J,  4  or  1 
litre,  and  taking  oat  for  the  several  estimations  aliquot  parts,  with 
the  50  or  100  c.e.  pipette.  The  first  and  most  essential  condition 
of  this  proceeding,  of  course,  is  that  the  pipettes  most  accurately 
correspond  with  Uie  measuring  flasks  (g§  18  and  20). 


2.  EsmcATiOH  OF  THE  "Wateb. 

If  the  substance  to  be  examined — after  having  been  freed  from 
moisture  by  a  suitable  drying  process  (§§  26-32) — contains  water, 
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it  is  nBTial  to  begin  by  determining  the  amonnt  of  this  water.  This 
operation  is  generally  Bimple ;  in  some  lastaucee,  however,  it  has 
its  difficultiee.  This  depends  upon  varione  circamstances,  viz., 
whether  the  compounds  intended  for  analyeis  yield  their  water 
readily  or  not ;  whether  they  can  bear  a  red  heat  without  suffering 
decomposition ;  or  whether,  on  the  contrary,  they  give  off  other 
volatile  aubstancee,  besides  water,  even  at  a  lower  temperature. 

The  oorrect  hundedge  of  the  constitution  of  a  compound 
depends  frequently  upon  the  accnrate  estimation  of  tlie  water  con- 
tained in  it ;  in  many  cases — for  instance,  in  the  analysis  of  the 
salts  of  kno^\'n  acids — the  estimation  of  the  water  contained  in  the 
analyzed  compound  suffices  to  enable  ns  to  dednce  the  formula. 
The  estimation  of  the  water  contained  in  a  substance  is,  therefore, 
one  of  the  most  important,  as  well  as  most  frequently  occurring 
operations  of  quantitative  analysis.  The  proportion  of  water  con- 
tained in  a  substance  may  be  determined  in  two  ways,  viz.,  a,  from 
the  diminution  of  weight  consequent  upon  the  expulsion  of  the 
water ;  h,  by  weighing  the  amount  of  water  expelled. 


a.  Estimation  of  the  Wateb  feom  thb  Lobb  of  "Wbioet. 

This  method,  on  account  of  its  simplicity,  is  most  frequently 
employed.  The  modus  operandi  depends  upon  the  nature  of  the 
sul^tance  under  examination. 

a.  The  avhstance  bears  ignition  vnthout  losing  other  Conetituenis 
besides  Water,  and  without  absorbing  Oxygen. 

The  substance  is  weighed  in  a  platinum  or  porcelain  crucible, 
and  placed  over  the  gas-  or  spirit-lamp  ;  the  heat  should  be  very 
gentle  at  first,  and  gradually  increased.  When  the  crucible  has 
been  maintained  some  time  at  a  red  heat,  it  is  allowed  to  cool  a 
little,  put  still  warm  under  the  desiccator,  and  finally  weighed  when 
cold.  The  ignition  is  then  repeated,  and  the  weight  again  ascer- 
tained. If  no  further  diminution  of  weight  has  taken  place,  the 
process  is  at  at  end,  the  desired  object  being  fully  attuned.  But 
if  the  weight  is  less  than  after  the  ffrst  heating,  the  operation  must 
be  repeated  until  the  weight  reinaina  constant. 

In  the  case  of  silicates,  the  heat  must  be  raised  to  a  very  high 
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degree,  since  many  of  them  (e.jr.  talc,  steatite,  nephrite)  only  begin 
at  a  red  heat  to  give  off  water,  and  require  a  yellow  heat  for  the 
complete  expulsion  of  that  constitueot.  (Tn.  Scbeeber.*)  Such 
bodies  are  therefore  ignited  over  a  blast-lamp. 

In  the  case  of  snbstances  that  have  a  tendency  to  pnfF  off,  or  to 
ppirt,  a  small  dask  or  retort  may  sometimes  be  advantageously  sub- 
stituted for  the  crucible.  Care  must  be  taken  to  remove  the  last 
traces  of  aqueons  vapor  from  the  vessel,  by  suction  through  a  glass 
tube. 

Decrepitating  salts  (sodium  chloride,  for  instance)  are  put — 
finely  pnlvenzed,  if  possible — ^iu  a  small  covered  platinum  crucible, 
which  is  then  placed  in  a  large  one,  also  covered ;  the  whole  is 
weighed,  then  heated,  gently  at  first  for  some  time,  then  more 
strongly  ;  finally,  after  cooling,  weighed  again. 

/S,  The  s^tbatancs  loses  on  tuition  other  Constituenta  besides 
Water  {Soracic  Acid,  Sulphuric  Acid,  Silicon  Fluoride,  d:c.). 

Here  the  analyst  has  to  consider,  in  the  first  place,  whether  the 
water  may  not  be  expelled  at  a  lower  degree  of  heat,  which  does 
not  involve  the  loss  of  other  constituents.  If  this  may  be  done, 
the  substance  is  heated  either  in  the  water-l)ath,  or  where  a  higher 
temperature  is  required,  in  the  air-bath  or  oil-bath,  the  tempera- 
ture being  regulated  by  the  thermometer.  The  expulsion  of  the 
water  may  be  promoted  by  the  co-operation  of  a  current  of  air 
(compare  §§  29  and  30) ;  or  by  the  addition  of  pure  dry  sand  to 
the  substance,  to  keep  it  porou8.+  The  process  must  be  continued 
under  these  circumstances  also,  until  the  weight  remains  constant. 

In  cases  where,  for  some  reason  or  other,  such  gentle  heating 
is  insufficient,  the  analyst  has  to  consider  whether  the  desired  end 
may  not  be  attained  at  a  red  heat,  by  adding  some  substance  that 
will  retain  the  volatile  constituent  whose  loss  is  apprehended. 
Thus,  for  instance,  the  crystallized  sulphate  of  alumina  loses  at  a 
red  heat,  besides  water,  also  sulplmric  acid ;  now,  the  loss  of  the 
latter  constituent  may  be  guarded  against  by  adding  to  the  sul- 
phate an  excess  (about  six  times  the  quantity)  of  finely  pulverized, 
recently  ignited,  pure  lead  oxide.  But  the  addition  of  this  sul> 
stance  will  not  prevent  the  escape  of  silicon  fluoride  from  silicates 
when  exposed  to  a  red  heat  (List}). 

'  Jahresber.  von  Lieblg  n.  Eopp,  1SS1,  SIO. 

t  Ann.  d.  Cbem.  u.  FUann.  5S.  2S&        t  Ibid.  81. 189. 
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Tlins  again,  the  amount  of  water  in  eoramercial  iodine  may  be 
determined  by  tritnrating  the  iodine  together  with  eight  times  tlie 
fjnantity  of  mercury,  and  drying  the  mixture  at  100°  (Bollet*). 

y.  The  substance  conUiins  several  differerUln/  combined  quantities 
of  Water  which  require  different   Degrees  of  Temperature 

for  i^cpvlsion. 

Substances  of  this  nature  are  heated  first  in  the  water-bath, 
until  their  weight  remains  constant ;  they  are  theii  exposed  in  the 
oil-  or  air-bath  to  160°,  200°,  or  250°,  &o.,  and  tinally,  when  prac- 
tioJible,  ignited  over  a  gas-  or  spirit-lamp.  [In  such  experiments, 
it  is  Itest  to  proceed  as  described,  §  29,  p.  53,  viz.,  to  heat  in  a  cur- 
rent of  dried  air,  hydrogen,  or  carbon  dioxide.] 

In  this  manner  differently  combined  quantities  of  water  may 
bo  distinguished,  and  their  rrapective  amounts  correctly  estimated. 
Thus,  for  instance,  crystallized  sulphate  of  copper  contains  28-87 
per  cent,  of  water,  which  escapes  at  a  temperature  below  140",  and 
7'22  per  cent.,  wbicli  escapes  only  at  a  temperature  between  220° 
and  260°. 

S,  When  the  svhstanee  has  a  tendency  to  absorb  oxygen  (from 
the  presence  of  ferrous  compounds,  for  instance)  the  water  is  bet- 
ter determined  in  the  direct  way,  than  by  the  loss.    (§  36.) 


h.  Estimation  of  Watee  by  Dieect  Weiqhino. 

This  method  is  resorted  to  by  way  of  control,  or  in  the  case  of 
substances  which,  upon  ignition,  lose,  besides  water,  other  con- 
stitnents,  which  cannot  be  retained  even  by  the  addition  of  some 
other  substance  (e.g.,  carbon  dioxide,  oxygen),  or  in  the  case  of 
substances  containing  bodies  inclined  to  oxidation  {e.g.,  ferrous 
compounds).  The  principle  of  the  method  is  to  expel  the  water 
by  the  application  of  a  red  heat,  so  as  to  admit  of  the  condensa- 
tion of  the  aqueous  vapor,  and  the  collection  of  the  condensed 
water  in  an  appropriate  apparatus,  partly  physically,  partly  by  the 
agency  of  some  hygroscopic  substance.  The  increase  in  the  weight 
of  this  apparatus  represents  the  quantity  of  the  water  expelled. 

The  operation  may  be  conducted  in  various  ways  ;  the  follow- 
ing is  one  of  the  most  appropriate : — 

•  DiQgter'B  Polyt.  Joum.,  136,  89. 
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B,  fig.  25  represents  a  gasometer  filled  with  air ;  5  a  flask  lialf- 
fiUed  with  concentrated  sulphuric  acid ;  c  and  a  f  are  calciiun  chlo- 
ride tubes :  (2  is  a  bulb-tnbe. 


Fig.  25. 

The  BnbstaQce  intended  for  examination  is  weighed  in  the  per 
fectly  dry  tube  d,*  which  is  then  connected  with  c  and  the 
weighed  calcium  chloride  tube  ao,  by  means  o£  sound  and  well- 
dried  perforated  corks. 

The  operation  is  commenced  by  opening  the  stop-cock  of  the 
gasometer  a  httle,  to  allow  the  air,  which  loses  all  its  moisture  in  h 
and  e,  to  pass  slowly  through  d ;  the  tube  d  is  then  heated  to  be- 
yond the  boiling-point  of  water,  by  holding  a  lamp  towards^, 
taking  care  not  to  bum  the  cork ;  and  finally,  the  bulb  which  con- 
tains the  substance  is  exposed  to  a  low  red  heat,  the  temperature 
at/"  being  maintained  all  the  while  at  the  point  indicated.  When 
the  expulsion  of  the  water  has  been  accomplislied,  a  slow  current 
of  air  is  still  kept  up  till  the  bnlb-tube  is  cold;  the  apparatus  is 
then  disconnected,  and  the  calcium  chloride  tube  ao,  weighed. 
The  increase  in  the  weight  of  this  tube  represents  the  quantity  of 
water  originally  present  in  tlie  substance  examined. 

•  [It  la  usually  better  to  weigh  off  the  substance  into  a  tray  or  boat  of  porce- 
Un  or  platinum,  aod  place  this  within  a  straight  tube  of  hard  glass  and  ignita 
by  means  of  a  tube  furnace.] 
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The  empty  bulb  a,  in  which  the  greater  portion  of  the  water 
collects,  has  not  only  for  its  object  to  prevent  the  liquefaction  of 
the  calcinm  chloride,  but  enables  the  analyst  also  to  test  the  con- 
densed water  as  to  its  reaction  and  purity. 

The  apparatus  may,  of  course,  be  modified  in  various  ways ; 
thus,  the  chloride  of  calcium  tabes  may  be  U-shaped ;  a  U-tube, 
filled  with  pieces  of  pumice-stone  saturated  with  sulphuric  acid, 
may  be  substituted  for  the  fiaek  with  salphuric  acid ;  and  the  gaso- 
meter may  be  replaced  by  an  aepirator  (fig.  21)  joined  to  o. 

The  expulsion  of  the  aqueous  vapor  from  the  tube  containing 
tlie  substance  under  examination,  into  the  calcium  chloride  tube, 
may  be  effected  also  by  other  means  than  a  cnrrent  of  air  sup- 
plied by  a  gasometer  or  aspirator ;  viz.,  the  substance  under  ex- 
amination may  be  heated  to  redness  in  a  perfectly  dry  tube,  to- 
gether with  lead  carbonate,  since  the  carbon  dioxide  escaping 
from  the  latter  at  a  red  heat,  serves  here  tlie  same  purpose  as  a 
stream  of  air.  This  method  is  principally  applied  in  cases  where 
it  is  desirable  to  retain  an  acid  wliich  otherwise  would  volatilize 
together  with  the  water ;  thus,  it  is  applied,  for  instance,  for 
the  direct  estimation  of  the  water  contained  in  acid  potassium 
sulphate. 


Fig.  26. 

Fig.  26.  represents  the  disposition  of  the  apparatus. 

a  J  is  a  common  combustion  furnace ;  c/*  a  tube  filled  as  fol- 
lows : — from  c  to  d  with  lead  carbonate,*  from  d  to  e  the  substance 
intimately  mixed  with  lead  carbonate,  and  from  e  to^pnre  lead  car- 
bonate. The  calcium  chloride  tube  y,  being  accurately  weighed, 
is  connected  with  the  tube  c^,  by  means  of  a  well-dried  perfo- 
rated cork.y*. 

The  operation  is  commenced  by  surrounding  the  tube  with  red- 


•  The  lead  carbonate  must  iiave  been  previously  ignited  to  incipient  decom- 
position, and  cooled  in  a  closed  tube. 
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hot  charcoal,  advancing  from  f  to-ward  c ;  the  fore  part  of  the 
tube  -which  protrudes  from  the  fomace  ^onld  be  maintained  at  a 
degree  of  heat  which  barely  permits  the  operator  to  lay  hold  of  it 
with  his  fingers.  All  further  particulars  of  this  operation  will  be 
found  in  the  chapter  on  oi^anic  elementary  analysis.  The  mix- 
ing is  performed  best  in  the  tube  with  a  wire.  The  tube  cf  may 
be  short  and  moderately  narrow. 

The  volatilization  of  an  acid  cannot  in  all  cases  he  prevented 
by  lead  oxide;  thus,  for  instance,  we  conld  not  determine  the 
water  in  crystallized  boracicacid  by  the  above  process.  This  could 
readily  be  done,  however,  by  igniting  the  acid  mixed  with  excess 
of  dry  sodium  carbonate  in  a  glass  tnbe  drawn  out  behind  in  the 
form  of  a  beak,  receiving  the  water  in  a  cslciom  chloride  tube, 
and  transferring  the  final  residue  of  aqueous  vapor  into  the  Ca  C\ 
tube  by  suction,  after  the  point  of  the  beak  has  been  broken  off. 
(See  Oi^nic  Analysis.)  . 

The  foregoing  methods  for  the  direct  estimation  of  water  do 
not,  however,  yet  embrace  all  cases  in  which  those  described 
in  §  35  are  inapplicable ;  since  tliey  can  be  employed  only  if  the 
enbstances  escaping  along  with  the  water  are  such  as  will  not 
wholly  or  partly  condense  in  the  calcium  chloride  tube  (or  in  a 
tnbe  containing  fused  potassa,  or  one  filled  with  pnmice-stone  satu- 
rated with  sulphuric  acid,  which  might  be  used  instead).  Thus 
they  are  perfectly  well  adapted  for  determining  the  water  in  the 
basic  zinc  carbonate,  but  they  cannot  be  applied  to  determine  the 
water  in  sodium  ammonium  sulphate.  With  substances  like  the 
latter,  we  mnat  either  have  recourse  to  the  processes  of  organic 
elementary  analysis,  or  we  must  rest  satisfied  with  the  indirect 
estimation  of  the  water. 

§ST. 

3.    SoLUnOIT   OF    SlJBSTAITOEB. 

Before  pursuing  the  analytical  process  further,  it  is  in  most 
cases  necessary  to  obtain  a  solution  of  the  substance.  This  opera- 
tion is  simple  where  the  body  may  be  dissolved  by  direct  treat- 
ment with  water,  or  acids,  or  alkalies,  &c. ;  but  it  is  more  compli- 
cated in  cases  where  the  body  requires  fiuxing  as  an  indispensable 
preliminary  to  solution. 

When  ve  have  mixed  sabstances  to  operate  upon,  the  compo- 
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t  mt  parte  of  which  behave  diffei-ently  with  solveata,  it  is  not  by 
any  means  necessary  to  dissolve  the  whole  Bnbetance  at  first ;  on 
the  contrary,  the  separation  may,  in  such  cases,  be  often  effected, 
in  the  most  simple  and  expeditions  manner,  by  the  solvents  tliem- 
selves.  Thns,  for  instance,  &  mixture  of  potassium  nitrate,  calcium 
carbonate,  and  barium  sulphate  may  be  readily  and  accurately 
analyzed  by  dissolving  out,  in  the  first  place,  the  potaesinm  nitrate 
with  water,  and  subsequently  the  calcium  carbonate  by  hydrochlorio 
acid,  leaving  the  insoluble  barium  sulphate. 


a.  DmECT  Solution. 

The  direct  solution  of  substances  is  effected,  according  to  cir- 
cumstances, in  beakers,  fiasks,  or  dishes,  and  may,  if  necessai'y,  he 
promoted  by  tlie  application  of  iieat ;  for  which  purpose  the  water- 
bath  will  be  found  most  convenient.  In  cases  where  an  open  fire, 
or  the  sand-bath,  or  an  iron-plate  is  resorted  to,  the  analyst  must 
take  care  to  guard  against  actual  ebullition  of  the  fluid,  since  this 
would  render  a.  loss  of  substance  from  spirting  almost  unavoidable, 
especially  in  cases  where  the  process  is  conducted  in  a  dish.  Fluids 
containing  a  sediment,  either  insoluble,  or,  at  least,  not  yet  dissolved, 
will,  when  heated  over  the  lamp,  often  bump  and  spirt  even  at 
temperatures  far  short  of  the  boiling-point 

In  cases  where  the  solution  of  a  substance  is  attended  with 
evolution  of  gas,  the  process  is  conducted  in  a  fiask,  placed  in  a 
sloping  position,  so  that  the  spirting  drops  may  be  thrown  against 
the  walls  of  the  vessel,  and  thus  secured  from  being  carried  off 
with  the  stream  of  the  evolved  gas  ;  or  it  may  be  conducted  in  a 
beaker,  covered  with  a  large-sized  watch-glass,  which,  after  the 
solution  is  effected,  and  the  gas  expelled  by  heating  on  the  waters 
bath,  must  be  thoroughly  rinsed  with  the  washing-bottle. 

In  cases  where  the  solution  has  to  be  effected  by  means  of  con- 
centrated volatile  acids  (hydrochloric  acid,  nitric  acid,  aqna  regia), 
the  operation  should  never  be  conducted  in  a  dish,  but  always  in  a 
fiask  covered  with  a  watch-glass,  or  placed  in  a  slanting  position. 
and  the  application  of  too  high  a  temperature  must  be  avoided. 
The  operation  should  always  be  conducted  also  under  a  hood,  with 
proper  draught,  to  cany  off  the  escaping  acid  vapors.  In  my  own 
laboratory,  I  use  for  the  latter  purpose  the  following  simple  contriv 
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iDce :  a  leaden  pipe,  pennanently  fixed  in  a  convenient  position, 
leads  from  tlie  working  table  tlirongli  tlie  wall  or  the  window- 
fnme  into  the  open  air.  The  end  in  the  laboratory  is  connected 
with  one  of  the  months  of  a  two-necked  bottle  which  contains  a 
little  water.  The  other  mouth  of  the  bottle  is  cloBed  with  a  per- 
forated cork,  bearing  a  firmlj-fixcd  glass  tube  bent  at  a  right  angle ; 
the  portion  of  the  tube  which  enters  the  bottle  mnst  not  dip  into 
the  water.  The  solntion-fiask  being  now  closed  with  a  perforated 
cork,  or  an  india-rubber  cap,  bearing  a  glass  tube,  connected  by 
means  of  india-rubber  with  the  bent  tube  in  the  double-necked 
bottle,  the  vapors  evolved  are  carried  out  of  the  laboratory  without 
the  least  inconvenience  to  the  operator;  moreover,  do  receding  of 
fluid  upon  cooling  need  be  apprehended.  Instead  of  conveying 
the  vapors  away  through  a  tube  leading  into  the  open  air,  a  conical 
glass-tube  filled  with  pieces  of  broken  glass,  moistened  with  water 
or  solution  of  sodinm  carbonate,  may  be  fixed  on  the  second  mouth 
of  the  donble-necked  bottle.  I,  however,  prefer  the  other  method. 
In  some  cases,  it  is  advisable  also  to  conduct  the  escaping  vapors 
into  a  little  water,  and,  when  solution  has  been  effected,  make  the 
water  recede  by  withdrawing  the  lamp,  since  this  will,  at  the  same 
time,  serve  to  dilute  tlie  solution ;  care  must  be  taken,  however,  to 
guard  against  a  premature  receding  of  the  water  in  consequence  of 
an  accidental  cooling  of  the  solution  flask. 

It  is  often  necessaiy,  in  conducting  a  process  of  solution,  to 
guard  against  the  action  of  the  atmospheric  oxygen ;  in  such  cases, 
a  slow  stream  of  carbon  dioxide  is  transmitted  through  the  soln- 
tion-flask ;  in  some  cases  it  is  sufficient  to  expel  the  air,  by  simply 
first  putting  a  little  hydrogen  sodium  carbonate  into  the  flask,  con- 
taining an  excess  of  acid,  before  introducing  the  substance. 


h.    SoLcnOM,    PBECEDED   BT    FlUZINQ. 

Sabstances  insoluble  in  water,  acids,  or  aqueous  alkalies,  usually 
require  decomposition  by  fluxing,  to  prepare  them  for  analysis. 
Substances  of  this  kind  are  often  met  with  in  the  mineral  kingdom  ; 
most  silicates,  the  sulphates  of  the  alkali-earth  metals,  chrome  iron- 
stone, &c.,  belong  to  this  class. 

The  object  and  general  features  of  the  process  of  fluxing  have 
already  been  treated  of  in  the  qualitative  part  of  the  present  work. 
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The  special  methods  of  conducting  this  important  operation  will 
bo  described  hereafter  nnder  "  The  analysis  of  Bilicates,"  and  in 
the  proper  places ;  as  a  satisfactory  description  of  the  process,  with 
its  various  modifications,  cannot  well  be  given  without  entering 
more  minutely  into  the  particular  circnmstanceB  of  the  several 
special  cases. 

Oecomposition  by  fluxing  often  requires  a  higher  temperature 
than  is  attainable  with  a  spirit-lamp  with  double  draught,  or  with 
a  common  gas-lamp.  In  such  cases,  the  glass-blower's  lamp,  fed 
with  gas,  is  used  with  advantage. 

§40, 

4.    CoiTTEBSIOH   OF  THB   DISSOLVBD    SoBSTAHCB    IHTO   A.  WEI6HABLK 
FOKM. 

The  conversion  of  a  substance  in  a  state  of  solution  into  a  form 
adapted  for  weighing  may  he  effected  either  by  evaporation  or  by 
precipitation.  The  former  of  these  operations  is  applicable  only 
in  cases  where  the  substance,  the  weight  of  which  we  are  desirous 
to  ascertain,  either  ezifits  already  in  the  solution  in  the  form  suit- 
able for  the  determination  of  its  weight,  or  may  bo  converted  into  , 
such  form  by  evaporation  in  conjunction  with  some  reagent.  The 
solution  must,  moreover,  contain  the  snbstance  unmixed,  or,  at 
least,  mixed  only  with  each  bodies  as  are  expelled  by  evaporation 
or  at  a  red-heat.  Thus,  for  instance,  the  amount  of  sodium 
sulphate  present  in  an  aqueous  solution  of  that  substance  may  be 
ascertained  by  simple  evaporation ;  whilst  the  potassium  carbonate 
cont^ned  in  a  solution  would  better  be  converted  into  potassium 
diloride,  by  evaporating  with  solution  of  ammonium  cliloride. 

Precipitation  may  always  be  resorted  to,  whenever  the  substance 
in  solution  admits  of  being  converted  into  a  combination  which  is 
insolnble  in  the  menstruum  present,  provided  that  the  precipitate 
is  flt  for  determination,  which  can  never  be  the  case  onlesa  it  can 
be  washed  and  is  of  constant  composition. 

§«. 

a.  Evaporation. 

In  processes  kA  evaporation  for  pharmaceutical  or  technico- 
chemical  purposes  the  principal  object  to  be  considered  is  saving 
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of  time  and  fuel ;  bnt  iu  evaporating  procesees  in  qnantitative 
analytical  reeearches  this  is  merely  a  anbordinate  point,  and  the 
analyst  has  to  direct  his  principal  care  and  attention  to  the  means 
of  gnarding  against  loss  or  contamination  of  the  substance  operated 
iqwn. 

The  simplest  case  of  evaporation  is  when  ve  have  to  eonoentraU 
a  dearjlmdy  without  carrying  the  process  to  dryness.  To  effect 
this  object,  the  fluid  is  poured  into  a  basin,  which  should  not  be 
filled  to  more  than  two-thirds.  Heat  is  then  applied  by  placing 
the  basin  either  on  a  water-bath,  sand-bath,  common  stove,  or 
heated  iron  plate,  or  over  the  fiame  of  a  gas-  or  spirit-lamp,  care 
being  taken  always  to  gnard'against  actual  ebnllition,  as  this  in- 
variably and  unavoidably  leads  to  loss  from  small  drops  of  fluid 
spirdng  out.  Evaporation  over  a  gas-  or  spirit-lamp,  when  con- 
ducted with  proper  care,  is  an  expeditious  and  cleanly  procesB. 
Bunsen's  gas-lamp  may  be  used  most  advantageously  in  opera- 
tions of  this  bind ;  a  little  wire-gauze  cap,  loosely  fitted  upon 
the  tube  of  the  lamp,  is  a  material  improvement.  By  means  of 
this  simple  arrangement  it  is  easy  to  produce  even  tJie  smallest 
flame,  without  the  least  apprehension  of  ignition  of  the  gas  within 
the  tube. 

If  the  evaporation  is  to  be  effected  on  the  water-bath,  and  the 
operator  happens  to  possess  a  BEiHDOBr,  or  other  similarly-con- 
structed steam  apparatus,  the  evaporating- 
dish  may  be  placed  simply  into  an  opening  ' 
corresponding  in  size.  Otherwise  recourse 
must  be  had  to  the  water-bath,  illustrated  by 

It  is  made  of  strong  sheet  copper,  and 
when  used  is  half  filled  vrith  water,  which  is  kept  boiling  over  a 
gas-,  spirit-,  or  oil-lamp.  The  breadth  from  atoh  should  be  from 
13  to  18  cm.  Yarious  flat  rings  of  the  same  outside  diameter  as 
the  top  of  the  bath,  and  adapted  to  receive  dislies  and  crucibles  of 
different  sizes,  are  essential  adjuncts  to  the  bath.  These  rings 
when  required  are  simply  laid  on  the  bath. 

It  will  occasionally  happen  that  the  water  in  the  bath  com- 
pletely evaporates ;  in  such  cases,  residues  are  heated  to  a  higher 
d^ree  than  is  desirable,  coacentrated  solutions  spirt,  &c  To 
avoid  these  inconveniences,  water-ttaths  have  been  devised  with 
an  arrangement  for  maintaining  a  constant  level  of  water. 
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If  the  operator  can  condnet  his  procesaes  of  evaporation  in  a 
room  set  apart  for  the  purpose,  where  he  may  easily  guard  against 
any  occurrence  tending  to  suspend  dust  in  the  air,  he  will  find  it 
no  very  difficult  task  to  keep  the  evaporating  fluid  clean ;  in  this 
case  it  is  best  to  leave  the  dishes  uncovered.  But  in  a  large 
laboratory,  frequented  by  many  people,  or  in  a  room  exposed  to 
draughts  of  air,  or  in  vliich  coal  fires  are  burning,  the  gi-eatest 
caution  is  required  to  protect  the  evaporating  fiaid  from  contami- 
nation by  dust  or  ashes. 

For  this  purpose  the  evaporating  dish  is  either  covered  with  a 
sheet  of  filtering-paper  turned  down  over  the  edges,  or  a  ghiss  rod 
^^  twisted  into  a  triangular  shape  (fig.  28)  is  laid 

^^^^^^       •       upon  it,  and  a  sheet  of  filtering-paper  spread 
\      ^^^^^J^    over  it,  which  is  kept  in  position  by  a  glass  rod 

^^T^  laid  across,  the  latter  again  being  kept  from 

rolling  down  by  the  slightly  turned  up  ends, 
a  and  h,  of  the  triangle. 

The  best  way,  however,  is  the  following: — Take  two  small 
thin  wooden  hoops  (fig.  29),  one  of  which  fits  loosely  in  the  other; 
spreadasheetof  blotting-paper  over  the  smaller 
one,  and  push  the  other  over  it.  This  forms  a 
cover  admirably  adapted  to  the  purpose ;  and  I 
whilst  in  no  way  interfering  with  the  operation, 
it  completely  protects  the  evaporating  fluid 
from  dust,  and  may  be  readily  taken  off ;  the  paper  cannot  dip 
into  the  fluid  ;  the  cover  lasts  a  long  time,  and  may,  moreover,  at 
any  time  be  easily  renewed. 

It  must  be  borne  in  mind,  however,  that  the  common  filtering- 
paper  contains  always  certain  substances  soluble  in  acids,  such  as 
lime,  ferric  oxide,  &c.,  whicli,  were  covers  of  the  kind  just 
described  used  over  evaporating  dishes  containing  a  fluid  evolving 
acid  vapors,  would  infallibly  dissolve  in  these  vapors,  and  the  solu- 
tion dripping  down  into  the  evaporating  fluid,  would  speedily  con- 
taminate it.  Care  must  be  taken,  therefore,  in  such  cases,  to  use 
only  such  filtering-paper  as  has  been  freed  by  washing  from  sub- 
stances soluble  in  acids. 

Evaporation  for  the  purpose  of  concentration  may  be  effected 
also  in  flasks  j  these  are  only  half  filled,  and  placed  in  a  slanting 
position.  The  process  may  be  conducted  on  the  sand-bath,  or  over 
a  gas-  or  spirit-lamp,  or  even,  and  with  equal  propriety,  over  a  char' 
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coal  fire.  In  cases  where  the  operation  is  condncted  over  a  kmp 
or  a  charcoal  fire,  it  is  the  safest  waj  to  place  the  flasks  on  wire 
gauze.  Gentle  ebnllition  of  the  fluid  can  do  no  harm  here,  since 
the  slanting  position  of  the  flask  guards  effectively  against  risk  of 
loss  from  the  spirting  of  the  liquid.  Still  better  than  in  flasks,  the 
object  maj  be  attained  by  evaporating  in  tubulated  retorts  with 
open  tubnlure  and  neck  directed  obliquely  upwards.  The  latter 
acts  as  a  chimney,  and  the  constant  change  of  air  thns  effected  is 
extremely  favorable  to  evaporation. 

The  evaporation  oi  fluids  containing  a  precipitate  is  best  con- 
ducted on  the  water-bath ;  since  on  the  sand-bath,  or  over  the  lamp, 
it  is  next  to  impoesible  to  guard  against  loss  from  bumping.    This 


Fig.  80. 

bumping  is  occasioned  by  slight  explosions  of  steam,  arising  from 
the  sediment  impeding  the  uniform  diffusion  of  the  heat.  Still 
diere  remans  another,  though  less  safe  way,  viz.,  to  conduct  the 
evaporation  in  a  crucible  placed  in  a  slanting  position,  as  illus- 
trated in  fig.  30.  In  this  process,  the  flame  is  made  to  play  upon 
the  cmcible  above  the  level  of  the  fluid. 

Where  a  fluid  has  to  he  evaporated  to  dryness,  as  is  so  often 
the  case,  the  operation  should  always,  if  possible,  be  terminated  on 
the  water-bath.  In  cases  where  the  nature  of  the  dissolved  sub- 
stance precludes  the  application  of  the  water-bath,  the  object  in 
view  may  often  be  most  readily  attained  by  heating  the  contente 
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of  the  diab  from  the  top,  which  i&  effected  by  placing  the  dish  in  a 
proper  position  in  a  diTing  oloeet,  whose  upper  plate  is  heated  by 
a  flame  (that  of  the  water-  or  aand-bath)  paasing  over  it  If  the 
snbetance  is  in  a  covered  platinum  dish  or  cmoible,  place  the  gas- 
lamp  in  sach  a  position  that  the  flame  maj  act  on  the  cover  from 
above. 

In  cases  where  the  heat  has  to  be  applied  from  the  bottom,  a 
method  most  be  chosen  which  admits  of  an  equal  difbsion  and 
ready  regulation  of  the  heat. 

An  air-bath  is  well  adapted  for  this  purpose,  ».«.,  a  dish  of  iron 
plate,  in  which  the  porcelain  or  platinum  dish  is  to  be  placed  od  a 
wire  triangle,  so  that  the  two  vessela  may  be  at  all  poiuts  1  to  ^ 
inch  distant  from  each  other.  The  copper  apparatus,  fig.  37,  may 
also  serve  as  an  air-bath,  although  I  must  not  omit  to  mention  that 
this  mode  of  application  will  in  the  end  serioaely  injure  it.  If  the 
operation  has  to  be  conducted  over  a  lamp,  the  dish  shonld  be 
placed  high  above  the  flame  ;  best  on  wire  gauze,  since  this  will 
greatly  contribute  to  an  equal  difEosion  of  the  heat.  The  use  of 
the  sand-bath  is  objectionable  here,  because  with  that  apparatus  we 
cannot  reduce  the  heat  so  speedily  as  may  be  desirable.  An  iron 
plate  heated  by  gas  may  perhaps  be  used  with  advantage.  But  uo 
matter  which  method  be  employed,  thu  rule  applies  eqnally  to  all  of 
tliem ;  tliat  the  operator  must  watch  the  process,  from  the  moment 
that  the  residue  begins  to  thicken,  in  order  to  prevent  spirting,  by 
reducing  the  heat,  and  breaking  the  pellicles  which  form  on  the 
surface,  with  a  glass  rod,  or  a  platinnm  wire  or  spatula. 

Saline  aolutiona  that  ha/ve  a  tendency ^  upon  their  evaporation,  to 
creep  up  the  aides  of  the  vessel,  and  may  thus  finally  pass  over  the 
brim  of  the  latter,  thereby  involving  the  risk  of  a  loss  of  substance, 
should  be  heated  from  the  top,  in  the  way  just  indicated ;  since  by 
that  means  the  sides  of  the  vessel  will  get  heated  sufBciently  to 
cause  the  instantaneous  evaporation  of  the  ascending  liquid,  pre- 
venting thus  its  overflowing  the  brim.  The  ineouveuieuce  just 
aUudcd  to  may,  however,  be  obviated  also,  in  most  cases,  by  cover- 
ing the  brim,  and  the  uppermost  part  of  the  inner  side  of  the  ves- 
sel, with  a  very  thin  coat  of  tallow,  thus  diminishing  the  adhesion 
between  the  fluid  and  the  vessel. 

In  the  case  of  liquids  evolving  gaa-bvhl^  upon  evaporating, 
particular  caution  is  required  to  guard  against  loss  from  spirting. 
The  safest  way  is  to  heat  such  liquids  in  an  obliquely-placed 
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flask,  or  in  a  beaker  covered  with  a  large  watch-glass ;  the  latter  is 
removed  as  soon  aa  the  evolution  of  gas-biibbles  has  oeaeed,  and  the 
fluid  that  may  have  spirted  up  against  it  is  carefolly  rinsed  into 
the  glass,  hj  means  of  a  washiog-bottle.  If  the  evaporation  has  to 
1)6  conducted  in  a  dish,  a  rather  capacious  one  should  be  selected, 
and  a  very  moderate  degree  of  heat  applied  at  first,  and  until  the 
orolution  of  gas  has  nearly  ceased. 

If  a  fluid  has  to  be  evaporated  with  ex^usion  of  air,  the  best 
way  is  to  place  the  dish  under  the  bell  of  an  air-pump,  over  a  ves- 
sel with  sulphuric  acid,  and  to  exhaust;  or  a  tubulated  retort  may 
be  used  through  whose  tubulure  hydrogen  or  carbon  dioxide  is 
passed  by  the  acid  of  a  tube  not  quite  reaching  to  the  surface  of 
the  fluid. 

The  material  of  tke  evaporating  vessels  may  exercise  a  much 
greater  influence  on  the  results  of  an  analysis  than  is  generaUy 
believed.  Many  rather  startling  phenomena  that  are  observed  in 
analytical  processes  may  arise  simply  from  a  contamination  of  the 
evaporated  liquid  by  the  material  of  the  vessel ;  great  errors  may 
also  spring  from  the  same  source. 

The  importance  of  this  point  has  induced  me  to  subject  it  to 
a  searching  investigation  (see  Appendix,  Analytical  Kxperiments, 
1 — 4),  of  which  I  will  here  briefly  intimate  the  results. 

Distilled  water  kept  boiling  for  some  length  of  time  in  glass 
(flasks  of  Bohemian  glass)  dissolves  very  appreciable  traces  of  that 
material.  This  is  owing  to  the  formation  of  soluble  silicates ;  tlie 
particles  dissolved  consist  chiefly  of  potassa,  or  soda  and  lime,  in 
combination  with  silicic  acid.  A  much  larger  proportion  of  the 
glass  is  dissolved  by  water  containing  caustic  or  carbonated  alkali ; 
.  boiling  solution  of  ammonium  chloride  also  strongly  attacks  glass 
vessels.  Boiling  dilute  acids,  with  the  exception,  of  course,  of 
hydrofluoric  and  hydroflaosilicilic  acids,  exercise  a  less  powerful 
solvent  action  on  glass  than  pure  water.  Porcelain  (Berlin  dishes) 
is  much  less  affected  by  water  than  glass ;  alkaline  liquids  also 
exercise  a  less  powerful  solvent  action  on  porcelain  than  on  glass; 
the  quantity  dissolved  is,  however,  still  notable.  Solution  of 
ammonium  chloride  acts  on  porcelain  as  strongly  as  on  glass; 
dilute  acids,  though  exercising  no  very  powerful  solvent  action  on 
porcelain,  yet  attack  that  material  more  strongly  than  glass.  It 
results  from  these  data,  that  in  analyses  pretending  to  a  high 
d^^ee  of  accuracy,  platinum  or  platinum-iridinm  or  silver  dishes 
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hIiouM  always  bo  preferred.  Tlie  former  may  he  naed  in  all  casefl 
where  no  free  chlorine,  bromine,  or  iodine  is  present  in  the  fluid, 
or  can  be  formed  during  evaporation.  Fluids  containing  caaatic 
alkalies  may  safely  be  evaporated  in  platinum,  but  not  to  the  point 
of  fusion  of  the  residue.  Silver  vessela  should  never  be  used  to 
evaporate  acid  fluids  uor  liquids  containing  alkaline  sulphides; 
but  they  are  admirably  suited  for  solutions  of  alkali  hydro^dee 
and  carbonates,  as  well  as  of  most  normal  salts. 


§  42. 

We  come  now  to  vjeighing  the  residues  remaining  upon  the 
eva/poratum  of  fluids.  We  allude  here  simply  to  such  as  are 
soluble  in  water;  those  which  are  separated  by  filtration  will  be 
treated  of  afterwards.  Besidues  are  generally  weighed  in  the 
same  vessel  in  which  the  evaporation  has  been  completed,  for 
which  purpose  platinuni  dishes,  from  4  to  8  cm.  in  diameter,  pro- 
vided with  light  covers,  or  large  platinum  cruci- 
bles, are  best  adapted,  since  they  are  lighter  than 
porcelain  vessels  of  the  same  capacity. 

However,  in  most  cases,  the  amount  of  liquid 

to  be  evaporated  is  too  large  for  so  small  a  vessel, 

and  its  evaporation  in  portions  would  occupy  too 

much  time.    Tlie  best  way,  in  cases  of  this  kind, 

is  to  concentrate  the  liquid  first  in  a  larger  vessel, 

^'     '        and  to  terminate  the  operation  afterwards  in  the 

smaller  weighing  vessel.     In  transferring  the  fluid  from  the  larger 

to  the  smaller  vessel,  the  lip  of  the  former  is  slightly  greased,  and 

the  liquid  made  to  run  down  a  glass  rod.    (See  fig,  31.) 

Finally  the  large  vessel  is  carefully  rinsed  with  a  washing- 
bottle,  until  a  drop  of  the  last  rinsing  leaves  no  longer  a  residue 
upon  evaporation  on  a  platinum  knife.  When  the  fluid  has  thus 
been  transferred  to  the  weighing-vessel,  the  evaporation  is  com- 
pleted on  the  water-bath  and  the  residuary  substance  finally  ignited, 
provided,  of  course,  it  will  admit  of  this  process.  For  this  pur- 
pose the  dish  is  covered  with  a  lid  of  thin  platinum  (or  a  thin  glass 
plate),  and  then  placed  high  over  tlie  flame  of  a  lamp,  and  heated  ' 
very  gently  until  all  the  water  which  may  still  adhere  to  the  suh- 
ptance  is  expelled ;  the  dish  is  now  exposed  to  a  stronger,  and  finally 
to  a  red  heat.   (Where  a  glass  plate  is  used,  this  mnst,  of  course,  be 
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removed  before  igniting.)  In  this  case  it  is  also  well  to  make  the 
flame  play  obliquely  oil  the  corer  from  above,  so  as  to  ron  as 
little  risk  as  possible  of  loss  by  spirting.  After  cooling  in  a  desic- 
cator, the  covered  dish  is  weighed  with  its  contents.  When  oper- 
ating npon  substanceB  which  decrepitate,  anch  as  sodium  chloride, 
for  instance,  it  is  advisable  to  expose  them — after  their  removal 
from  the  water-bath,  and  previously  to  the  appHoatioQ  of  a  naked 
flame — to  a  temperature  somewhat  above  100°,  either  in  the  air- 
bath,  or  on  a  sand-bath,  or  on  a  common  stove. 

If  the  residue  does  not  admit  of  ignition,  as  is  the  case,  for 
instance,  with  organic  substances,  ammonium  salts,  &c.,  it  is  dried 
at  a  temperature  suited  to  its  nature.  In  many  cases,  the  tempera- 
ture of  the  water-bath  is  snfficiently  liigh  for  this  purpose,  for  the 
drying  of  ammonium  chloride,  for  instance ;  in  others,  the  air  or 
oil-bath  must  be  resorted  to.  (See  §§  29  and  30.)  Under  any  cir- 
camstances,  the  desiccation  most  be  continued  until  the  substance 
ceases  to  suScr  the  slightest  diminution  in  weight,  after  renewed 
exposure  to  heat  for  half  an  hour.  The  dish  should  invariably  be 
covered  during  the  process  of  weighing. 

If,  as  will  frequently  happen,  we  have  to  deal  with  a  fluid  con- 
taining a  small  quantity  of  a  potassium  or  sodium  salt,  the  weight 
of  which  we  want  to  ascertain,  in  presence  of  a  comparatively  large 
amount  of  an  ammonium  salt,  which  has  been  mixed  with  it  in  the 
eonrse  of  the  analytical  process,  I  prefer  the  following  method : 
The  saline  mass  is  thoroughly  dried,  in  a  large  dish,  on  the  water- 
bath,  or,  towards  fhe  end  of  the  process,  at  a  temperature  some- 
what exceeding  100°.  The  dry  mass  is  then,  with  the  aid  of  a 
platinnm  spatula,  transferred  to  a  small  glass  dish,  which  is  put 
aside  for  a  time  in  a  desiccator.  The  last  traces  of  the  salt  left 
adhering  to  the  sides  and  bottom  of  the  largo  dish  are  rinsed  off 
with  a  little  water  into  the  small  dish,  or  the  large  crucible,  in 
which  it  is  intended  to  weigh  the  salt ;  the  water  is  then  evaporated, 
and  the  dry  contents  of  the  glass  dish  are  added  to  the  residue ; 
the  ammonium  salts  are  now  expelled  by  ignition,  and  the  residu- 
ary fixed  salts  finally  weighed.  Should  some  traces  of  the  saline 
mass  adhere  to  the  smaller  glass  dish,  they  ought  to  be  removed 
and  transferred  to  the  weighing  vessel,  with  the  aid  of  a  little 
poanded  ammonium  chloride,  or  some  other  ammonium  salt,  as  the 
moistening  again  with  water  would  involve  an  almost  certain  loss 
of  substance. 
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§43 

b.    PsECIPITATlOH. 

Precipitation  is  resorted  to  in  qoantitatiTe  analysis  far  more 
frequently  than  evaporation,  Eince  it  serves  aot  merely  to  convert 
substances  into  forms  adapted  for  weighing,  but  also,  and  more 
especially,  to  separate  them  from  one  another.  The  principal  in- 
tention in  precipitation,  for  the  purpose  of  qnantitative  eetimationB. 
is  to  convert  the  substance  in  solution  into  a  form  in  which  it  is 
insoluble  in  the  menstruum  present.  The  result  will,  therefore, 
caiterw  paribus,  he  the  more  accurate,  the  more  the  precipitated 
body  deserves  the  epithet  maoluble,  and  in  cases  where  precipi- 
tates are  of  the  same  degree  of  solubility,  that  one  will  suffer  the 
least  loss  which  comes  in  contact  with  the  smallest  amount  of 
solvent. 

Hence  it  follows,  first,  that  in  all  cases  where  other  circum- 
stances do  not  interfere,  it  is  preferable  to  precipitate  substances 
in  their  most  insoluble  form ;  thus,  for  instance,  bartnm  had  better 
be  precipitated  as  solphate  than  as  carbonate ;  secondly,  that  when 
we  have  to  deal  with  precipitates  that  are  not  quite  insoluble  in 
the  menstruum  present,  we  must  endeavor  to  remove  that  men- 
struum, as  far  as  practicable,  by  evaporation ;  thos  a  dilute  solution 
of  strontium  should  be  concentrated,  before  proceeding  to  precipi- 
tate the  strontium  witli  sulphuric  acid;  and,  thirdly,  that  when  we 
have  to  deal  with  precipitates  slightly  soluble  in  the  liquid  present, 
but  insoluble  in  another  menstruum,  into  which  the  former  may 
be  converted  by  the  addition  of  some  substance  or  other,  we  oaght 
to  endeavor  to  bring  about  this  modification  of  the  raenBtruum. 
Thus,  for  instance,  alcohol  may  be  added  to  water,  to  induce  com- 
plete precipitation  of  ammonium  platinic  chloride,  lead  chloride, 
calcium  sulphate,  &c.;  thus  again,  ammonium  magnesium  phosphate 
may  be  rendered  insoluble  in  an  aqueous  menstruum  by  adding 
ammonia  to  the  latter,  &c 

Precipitation  is  generally  effected  in  beakers.  In  cases,  how- 
ever, where  we  have  to  precipitate  from  fluids  in  a  state  of  ebulli- 
tion, or  where  the  precipitate  requires  to  be  kept  boiling  for  some 
time  with  the  finid,  flasks  or  dishes  are  substituted  for  beakers, 
with  dne  regard  always  to  the  material  of  which  they  are  made 
(see  Evaporation,  g  41,  at  the  end). 
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The  Beparation  of  precipitates  from  tlie  flnid  in  which  they  are 
anspended,  is  effected  either  by  decantation  or  JUtrati&n,  or  by 
both  tbefie  processes  jointlj'.  But,  before  proceeding  to  the  sepa- 
ration of  the  precipitate  by  any  of  these  niethods,  the  operator 
moat  know  whether  the  precipitant  has  been  added  in  sutlicient 
quantity,  and  whether  the  precipitate  is  completely  formed.  To 
determine  the  latter  point,  an  accurate  knowledge  of  the  properties 
of  the  various  precipitates  must  be  attained,  which  we  sliaU  en- 
deavor to  supply  in  the  third  section.  To  decide  the  former  ques- 
tion, it  is  nsDallj  sufficient  to  add  to  the  fluid  (after  the  precipitate 
has  settled)  cautiously  a  fresh  portion  of  the  precipitant,  and 
to  note  if  a  further  turbidity  ensues.  This  teat,  however,  is  not 
infallible,  when  tlie  precipitate  has  not  the  property  of  forming 
immediately;  as,  for  instance,  is  the  case  with  ammonium  phos- 
pho-molybdate.  When  this  is  apprehended,  pour  out  (or  transfer 
with  a  pipette)  a  small  quantity  of  the  clear  supernatant  fluid  into 
another  vessel,  add  some  of  the  precipitant,  warm  if  necessary ; 
and  after  some  time  loot  and  see  whether  a  fresh  precipitate  haa 
formed.  As  a  general  mle,  the  precipitated  liquid  should  be 
allowed  to  stand  at  rest  for  several  hours,  before  proceeding  to  the 
separation  of  the  precipitate.  This  rule  applies  more  particularly 
to  crystalline,  pulverulent,  and  gelatinous  precipitates,  whilst  curdy 
and  flocculent  precipitates,  more  particularly  when  the  precipitation 
was  effected  at  a  boiUng  temperature,  may  often  be  filtered  off  im- 
mediately. However,  we  must  observe  here,  that  all  general  roles, 
in  this  respect,  are  of  limited  application. 

§44. 
a.  Sepaeation  of  PsEOiPrrATEs  by  Decantation. 

When  a  precipitate  subsides  so  completely  and  speedily  in  a 
fluid  that  the  latter  may  be  decanted  off  perfectly  clear,  or  drawn 
off  with  a  syphon,  or  removed  by  means  of  a  pipette,  and  that 
the  washing  of  the  precipitate  does  not  require  a  very  long  time, 
decantation  is  often  resorted  to  for  its  separation  and  washing ; 
this  is  the  case,  for  instance,  with  chloride  of  silver,  metallic  mer- 
cury, &c. 

Decantation  will  always  be  found  a  very  expeditions  and  accu- 
rate method  of  separation,  if  the  process  be  conducted  with  due 
care ;  it  is  necessary,  however,  in  most  cases,  to  promote  the  speedy 
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and  complete  subBidence  of  the  precipitate ;  and  it  may  be  laid  down 
BE  a  general  rale,  that  heating  the  precipitate  with  the  fluid  will 
produce  the  desired  effect.  Nevertheless,  there  are  instances  in 
which  the  simple  application  of  beat  will  not  suffice ;  in  some  cases, 
as  wit^h  silver  chloride,  for  instance,  agitation  iiiust  he  resoited  to; 
in  other  cases,  some  reagent  or  other  is  to  be  added — hydrochloric 
acid,  for  instance,  in  the  precipitation  of  mercury,  &c.  We  shall 
have  occasion,  subsequently,  in  the  fourth  section,  to  discuss  this 
point  more  fully,  when  we  shall  also  mention  the  vessels  beet 
adapted  for  the  application  of  this  process  to  the  various  precipitates. 

After  having  washed  the  precipitate  repeatedly  with  fresh 
quantities  of  the  proper  fluid,  until  there  is  no  trace  of  a  dissolved 
substance  to  be  detected  in  the  last  rinsings,  it  is  placed  in  a 
crucible  or  dish,  if  not  already  in  a  vessel  of  that  description ;  the 
flnid  still  adhering  to  it  is  poared  off  as  far  as  practicable,  and  the 
precipitate  is  then,  according  to  its  nature,  either  simply  dried,  or 
heated  to  redness. 

A  far  larger  amount  of  water  being  reqiured  for  washing  pre- 
cipitates by  decantatton  than  on  filters,  the  former  process  can  be 
expected  to  yield  aacurcOe  results  only  where  the  precipitates  are 
absolutely  hisolubls.  For  the  same  reason,  decantation  is  not  ordi- 
narily resorted  to  in  caees  where  we  have  to  determine  other  con- 
stituents in  the  decanted  fluid. 

The  decanted  fluid  must  be  allowed  to  stand  at  rest  from 
twelve  to  twenty-four  hours,  to  make  quite  sure  that  it  contains 
no  particles  of  the  precipitate;  if,  after  the  lapse  of  this  time,  no 
precipitate  is  visible,  the  fluid  may  be  thrown  away;  but  if  a  pre- 
cipitate has  subsided,  this  had  better  be  estimated  by  itself,  and  the 
weiglit  added  to  the  main  amount ;  the  precipitate  may,  in  such 
cases,  be  separated  from  the  supematant  fluid  by  decantation,  or 
by  filtration. 

§45. 
^.  Separation  of  PBEciPrrATES  by  Filthation. 
This  operation  is  resorted  to  whenever  decantation  is  imprac- 
ticable, and,  consequently,  in  the  great  majority  of  cases ;  provided 
always  the  precipitate  is  of  a  nature  to  admit  of  its  being  com- 
pletely freed,  by  mere  washing  on  the  filter,  from  all  foreign 
substances.  Where  this  is  not  tlie  case,  more  particularly,  there- 
fore, with   gelatinous    precipitates,  aluminium  hydroxide  for  in- 
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stance,  a  oombination  of  decantation  and  filtration  is  resorted  to 

aa.  FiLTEBiNo  Appabatds. 

Filtration,  aa  a  process  of  quantitative  anal^Bis,  is  almost 
exclusively  effected  by  means  of  paper. 

Plun  circalar  filters  are  most  generally  employed ;  plfuted  fil- 
ters are  only  occasionally  used.  Mach  depends  apon  the  quality 
of  the  paper.  Good  filtering  paper  mnst  poesesa  the  three  follow- 
ing properties: — 1.  It  must  completely  retain  the  finest  precipi- 
tates; 2.  It  must  filter  rapidly;  and  3.  It  must  be  as  free  as 
poe^ble  from  any  admixture  of  inorganic  bodies,  but  more  espe- 
cially from  such  as  are  soluble  in  acid  or  alkaline  fluids. 

It  is  a  matter  of  some  difficulty,  however,  to  procure  paper 
fully  answering  these  conditions.  The  Swedish  jUtering  paper, 
with  the  water-mark  J.  H.  Uunktell,  is  considered  the  best,  and, 
consequently,  fetches  the  highest  price ;  but  even  this  answers  only 
the  first  two  conditions,  being  by  no  means  safBciently  pure  for 
very  accurate  analyses,  since  it  leaves  upon  incioeration  about  0'3 
per  cent,  of  ash,*  and  yields  to  acids  perceptible  traces  of  lime,  mag- 
nesia, and  ferric  oxide.  For  exact  experiments  it  is,  consequently, 
neceseary  first  to  extract  the  paper  with  dilute  hydrocliloric  acid, 
then  to  wash  the  acid  completely  out  with  water,  and  finally  to 
dry  the  paper.  In  the  case  of  very  fine  filtering  paper,  the  best 
way  to  perform  this  operation  is  to  place  the  ready-cut  filters, 
several  tc^ther,  in  a  funnel,  exactly  the  same  way  as  if  intended 
for  immediate  filtration ;  they  are  then  moistened  with  a  mixture 
of  one  part  of  ordinary  pure  hydrochloric  acid  with  two  parts  of 
water,  which  is  allowed  to  act  on  them  for  about  ten  minutes ; 
after  this  all  traces  of  the  acid  are  carefully  removed  by  washing 
the  filters  in  the  funnel  repeatedly  with  warm  water.  The  funnel 
being  then  covered  with  a  piece  of  paper,  turned  over  the  edges, 
is  put  in  a  warm  place  until  the  filters  are  dry.  Compare  the 
instruction  given  in  the  "Qnal.  Anal,"  Am.  Ed.,  p.  8,  on  the 
preparation  of  washed  filters.  Filter  paper  containing  lead,  and 
which  is  consequently  blackened  by  sulphuretted  hydrogen,  should 
be  rejected. 

*  Plootamoar  found  the  ash  of  Swedish  fllteilng  paper  to  condst  of  G8-28 
riliclc  acid,  12-88  lime.  S-21  magnesia,  S-M  alnmiiia,  and  IS-M  ferric  oxide,  in  IOC 
puts. 
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Ready-cnt  filters  of  various  sizes  sliould  always  be  kept  on  hand. 
Filtera  are  either  cut  by  circular  patterns  of  pasteboard  or  tin,  or, 
still  bettor,  by  Mohr's  filter- 
patterns,  fig.  32.  This  litUe 
apparatus  is  made  of  tin-plate, 
and  consists  of  two  parts.  B  is 
a  qaadrant  fitting  in  A,  whose 
straight  edges  are  tnmed  np, 
and  which  is  slightly  smaller 
than  B.  The  sheets  of  filter- 
paper  are  first  cut  up  into  eqnares,  which  are  folded  in  quarters, 
and  placed  in  A,  then  B  is  placed  on  the  top,  and  the  free  edge  of 
the  paper  is  cat  off  with  scissors.  Filters  cut  in  this  way  are  per- 
fectly circular,  and  of  equal  size. 

Several  pairs  of  these  patterns  of  varioas  sizes  (3,  4,  5,  6,  6"5, 

and  8  cm.  radius)  should  be  procured.     In  taking  a  filter  for  a 

given  operation,  yon  should  always  choose  one  which,  after  the 

finid  has  run  through,  will   not  be  more  than  half  filled  with  the 

.  precipitate. 

As  to  the  fnnnels,  they  should  be  inclined  at  the  angle  of  60°, 
and  not  bulge  at  the  sides.  Glass  is  the  most  suitable  material  for 
them. 


The  filter  shonld  never  protrude  beyond  the  funnel.     It  should 
come  up  to  one  or  two  lines  from  the  edge  of  the  latter. 
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The  filter  is  firmly  pressed  into  the  fimnel,  to  make  the  paper 
fit  closely  to  the  aide  of  the  latter ;  it  ia  then  moistened  with 
water ;  aaj  extra  water  ie  not  poured  ont,  but  allowed  to  drop 
throngh. 

The  stands  shown  in  figs.  33  and  34  complete  the  apparatus  for 
filtering. 

The  stands  are  made  of  bard  wood.  The  arm  holding  the 
funnel  or  fnnnels  mnet  slide  easily  np  and  down,  and  be  fixable  by 
the  screw.  The  botes  for  the  funnels  mnst  be  cat  conleally,  to 
keep  the  funnels  steadily  in  their  place. 

These  stands  are  very  conrenient,  and  may  be  readily  moved 
aboat  without  interfering  with  the  operation. 


ib.    KULES  TO   BE  OBSERVED   IN    THE    PbOCESB   OF   FlLTOATIOIT. 

In  the  case  of  cordy,  fioccnlent,  gelatinons,  or  crystalline  pre- 
cipitates there  is  no  danger  of  the  fluid  passing  turbid  throngh  the 
filter.  But  with  fine  pulverulent  precipitates  it  is  generally  neiX9- 
sary,  and  always  advuaHa,  to  let  the  precipitate  subside,  and  then 
filter  the  supernatant  liquid,  before  proceeding  to  place  the  precipi- 
tate Qpon  the  filter.  We  generally  proceed  in  this  way  also  with 
other  kinds  of  precipitates,  especially  with  those  that  require  to 
stand  long  before  they  completely  separate.  Precipitates  which 
have  been  thrown  down  hot,  are  most  properly  filtered  off  before 
cooling  (provided  always  there  be  no  objections  to  this  course), 
since  hot  fluids  run  through  the  filter  more  speedily  than  cold  ones. 
Some  precipitates  have  a  tendency  to  be  carried  throngh  the  filter 
along  with  the  fluid ;  this  may  be  prevented  in  some  instances  by 
modifying  the  latter.  Thus  barium  sulphate,  when  filtered  from 
an  aqneons  solution,  passes  rather  easily  through  the  filter — the 
addition  of  hydrochloric  acid  or  ammonium  diloride  prevents  this 


If  the  operator  finds,  during  a  filtration,  that  the  filter  would 
be  much  more  than  half  filled  by  the  precipitate,  he  would  better 
use  an  additional  filter,  and  thus  distribute  the  precipitate  over  the 
two ;  for,  if  the  first  were  too  full,  the  precipitate  conld  not  be 
properly  washed. 

The  fluid  ought  never  to  be  poured  directly  npon  the  filter, 
but  always  down  a  glass  rod,  and  the  lip  or  rim  of  the  vessel  from 
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which  the  flnid  is  poured  sbonld  always  be  slightly  greased  with 
tallow,*  The  stream  ought  invariably  to  be  directed  towards  the 
sides  of  the  filter,  never  to  the  centre,  since  this  might  occasion 
loss  by  splashing.  In  cases  where  the  fluid  has  to  be  filtered  off, 
with  tlie  least  possible  disturbance  of  the  precipitate,  the  glass  rod 
must  not  be  placed,  dnring  the  intervals,  in  the  vessel  containing 
the  precipitate ;  but  it  may  conveniently  be  pnt  into  a  clean  glass, 
which  is  finally  rinsed  with  the  wash-water. 

The  filtrate  ia  received  either  in  flasks,  beakers,  or  dishes, 
according  to  the  various  purposes  for  which  it  may  be  intended. 
Strict  care  should  be  taken  that  the  drops  of  flnid  filtering  through 
glide  down  the  side  of  the  receiving  vessel ;  they  should  never  be 
allowed  to  fall  into  the  centre  of  the  filtrate,  since  this  again 
might  occasion  loss  by  splashing.  The  best  method  is  that  shown 
in  fig.  34,  viz.,  to  rest  the  point  of  the  funnel  against  the  upper 
part  of  the  inside  of  the  receiving  vesseL 

If  the  process  of  filtration  is  conducted  in  a  place  perfectly 
free  from  dnst,  there  is  no  necessity  to  cover  the  funnel,  nor  the 
vessel  receiving  the  filtrate  ;  however,  as  this  is  but  rarely  the  case, 
it  is  generally  indispensable  to  cover  both.  This  is  beat  effected 
with  round  plates  of  sheet-glass.  The  plate  used  for  covering  the 
receiving  vessel  should  have  a  small  U-shaped  piece  cut  out  of  its 
edge,  large  enough  for  the  funnel-tnbe  to  go  threngh.  Tlie  effect 
desired  may  be  produced  by  cautiously  chipping  out  the  glass  bit 
by  bit  with  the  aid  of  a  key.  Plates  perforated  in  the  centre  are 
wortliless  as  regards  the  object  in  view. 

After  the  fluid  and  precipitate  have  been  transferred  to  the 
filter,  and  the  vessel  which  originally  contained  them  has  been 
rinsed  repeatedly  witli  water,  it  happens  generally  that  small  par- 
ticles of  the  precipitate  remain  adhering  to  the  vessel,  which  can- 
not be  removed  with  the  glass  rod.  From  beakers  or  dishes  these 
particles  may  be  readily  removed  by  moans  of  a  feather  prepared 
for  tlio  purpose  by  tearing  off  nearly  the  whole  of  the  plumules, 
leaving  only  a  small  piece  at  the  end  which  should  be  cut  per- 
fectly straight.  From  flasks,  minute  portions  of  heavy  precipitates 
which  are  not  adherent,  are  readily  removed  by  blowing  a  jet  of 
water  into  the  fiask,  held  inverted  over  the  funnel ;  this  is  effected 

•  The  tallow  may  be  kept  under  tho  edge  of  the  work-table  at  a  convcDleot 
point,  where  it  will  adhere  by  a  little  pressure.  Tbe  best  way  of  applying  the 
tallow  to  the  Up  of  a  vessel  is  with  the  greased  flngcr. 
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by  iiieiH ;  of  the  washing-bottle  sbowii  m  fig.  36.  If  the  minuto 
adhering  particles  of  a  precipitate  cannot  be  removed  by  mechani- 
cal means,  solution  in  an  appropriate  menetruum  mnst  be  resorted 
to.  followed  by  re-precipitation.  Bodies  for  which  we  possess  no 
solvent,  snch  as  barium  snlphate,  for  instance,  must  not  be  precipi- 
tated in  flasks. 

§47. 

CO.    WaAHINO   of   PEECIPrrATKS. 

After  having  transferred  the  precipitate  completely  to  the  fil- 
ter, we  have  next  to  perform  the  operation  of  washing ;  this  is 
effected  lij  means  of  one  of  the  well-known  washing-bottles,  of 
which  I  prefer  the  one  represented  in  fig.  35  in  every  respect. 
The  doubly  perforated  stoppers  are  of  vulcanized  rubber. 


Fig.  86.  Fig.  88.  Pig.  87. 

Care  must  always  be  taken  to  properly  regulate  the  jet,  as  too 
impetuous  a  stream  of  water  might  occasion  loss  of  substance. 

In  cases  where  a  precipitate  has  to  be  washed  with  great  cau- 
tion, the  apparatus  illustrated  in  fig.  37  will  be  found  to  answer 
very  well. 

The  construction  of  this  apparatus  requires  no  explanation. 
"When  the  flask  is  inverted,  it  supplies  a  fine  continuous  jet  of  water. 

Precipitates  requiring  washing  with  water,  are  washed  meet 
expeditiously  with  hot  water,  provided  always  there  be  no  special 
reason  against  its  use.  The  washing-bottle  shown  in  fig.  35  is 
particularly  well  adapted  for  this  purpose.  The  cork  which  is 
fastened  to  the  neck  of  the  fiask  with  wire  serves  to  facilitate 
holding  it. 
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It  is  a  rnle  in  wafihmg  precipitates  not  to  add  freeh  wash-water 
to  the  filter  till  the  old  has  quite  run  throngh.  In  applying  the 
jet  of  water  yon  have  to  take  care  on  the  one  hand  that  the  upper 
edge  of  the  filter  is  properly  washed,  and  on  the  other  hand  that 
no  canals  are  formed  in  the  precipitate,  through  which  the  fluid 
mns  off,  without  coming  in  contact  with  the  whole  of  the  precipi 
tate.  If  such  canals  have  formed  and  cannot  be  broken  up  by 
the  jet,  the  precipitate  must  be  stirred  cantiousty  with  a  small 
platinam  knife  or  glass  rod. 

The  washing  may  be  considered  completed  when  all  solnble 
matter  that  is  to  be  removed  has  been  got  rid  of.  The  beginner 
who  devotee  proper  attention  to  the  completion  of  this  operation 
shuns  one  of  tlie  rocks  which  he  is  most  likely  to  encounter.' 
Whether  the  precipitate  has  been  completely  washed  may  generally 
be  ascertained  by  slowly  evaporating  a  drop  of  the  last  washings 
upon  a  platinam  knife,  and  observing  if  a  residue  is  left.  But  in 
cases  where  the  precipitate  is  not  altogether  insoluble  in  water 
(strontium  sulphate,  for  inetance),  recourse  must  be  had  to  more 
special  tests,  which  we  shall  have  occasion  to  point  out  in  the 
course  of  the  work.  The  student  should  never  discontinue  the 
washing  of  a  precipitate  because  he  simply  ima^jies  it  is  finished 
— he  must  be  certain. 


y.  Sepj^bation  op  PBBCiprrATES  by  Dbcahtatiow  ahd  Filtbatioh 


In  the  case  of  precipitates  which,  from  their  gelatinous  nature, 
or  from  the  firm  adhesion  of  certain  coprecipitated  salts,  oppose 
insuperable,  or,  at  all  events,  considerable  obstacles  to  perfect  wash- 
ing on  the  filter,  the  following  method  is  resorted  to :  Let  the 
precipitate  subside  as  far  as  practicable,  pour  the  nearly  clear  super- 
natant liquid  on  the  filter,  stir  the  precipitate  up  with  the  waaliing 
fluid  (in  certain  cases,  where  sncU  a  conrse  is  indicated,  heat  to 
boiling),  let  it  subside  again,  and  repeat  this  operation  ontil  the 
precipitate  is  almost  thoroughly  washed.  Transfer  it  now  to  the 
filter,  and  complete  the  operation  with  the  washing-bottle  (see 
§  47).  This  method  is  highly  to  be  recommended;  there  are 
many  precipitates  that  can  be  thoroughly  washed  only  by  its 
application. 


by  Google 


%  is."]  FILTBATION.  83 

In  eaeee  wh^%  it  is  not  intended  to  veigh  the  precipitate 
vashed  by  decantation,  but  to  dieeolve  it  again,  the  operation  of 
vashing  is  entirelj  completed  bj  decantation,  and  the  precipitate 
not  even  transferred  to  the  filter.  The  re-solution  of  the  bulk  of 
the  precipitate  being  effected  in  the  vessel  containing  it,  the  filter 
is  placed  over  the  latter,  and  the  solvent  passed  through  it. 
Although  the  termination  of  the  operation  of  washing  may  be 
usn&lly  ascertained  by  testing  a  sample  of  the  washings  for  one  of 
the  substances  originally  present  in  the  solntion  which  has  to  be 
removed  (for  hydrochloric  add,  for  instance,  with  nitrate  of 
silver),  still  there  are  cases  in  which  this  mode  of  proceeding  is 
inapplicabla  In  such  cases,  and  indeed  in  processes  of  washing  by 
decantation  generally,  Bonsen's  method  will  be  found  convenient 
— viz.,  to  continue  the  process  of  washing  until  the  fluid  which 
had  remained  in  the  beaker,  after  the  first  decantation,  has  under- 
gone a  ten  thousand-fold  dilation.  To  effect  this,  measure  with  a 
slip  of  paper  die  height  from  the  bottom  of  this  beaker  to  the 
fiiu^ace  of  the  fluid  remaining  in  it,  together  with  the  precipitate, 
after  the  first  decantation ;  then  fill  the  beaker  with  water,  if 
possible,  boiling,  and  measui-e  the  entire  height  of  the  fluid; 
divide  the  length  of  the  second  column  by  that  of  the  first.  Go 
through  the  same  process  eadi  time  you  add  fresh  water,  and 
always  multiply  the  quotient  found  with  the  number  obtained  in 
the  preceding  calculation,  until  yon  reach  10000. 

§49. 

FdBTHEB  TbEATUENT    of    pBBOIPn'ATES. 

Before  proceeding  to  weigh  a  precipitate,  it  still  remains  to 
convert  it  into  a  form  of  accurately  known  composition.  This  is 
done  either  by  igniting  or  by  drying.  The  latter  proceeding  is 
more  protracted  and  tedious  than  the  former,  and  is,  moreover,  apt 
to  give  less  accurate  results.  The  process  of  drying  is,  therefore, 
aa  a  general  rule,  applied  only  to  precipitates  which  cannot  bear 
exposure  to  a  red  heat  without  undergoing  total  or  partial  volatili- 
zation ;  or  whose  residues  left  upon  ignition  have  no  constant  com- 
position ;  thus,  for  instance,  drying  is  resorted  to  in  the  case  of 
mercurie  snlphide,  arsenious  sulphide,  and  other  metallic  sulphides ; 
and  also  in  the  case  of  silver  cyanide,  potassiniP  platinic  chloride, 
etc. 
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Bat  wbeBever  the  nature  of  tlie  precipitate  {^.g-,  barium  sul- 
phate, lead  Bnlphate,  and  many  other  compounds)  leaves  the  opera- 
tor at  liberty  to  choose  between  diying  and  heating  to  redoeea,  the 
process  is  almost  invariably  preferred. 


aa.  Drying  qf  Preeipitatea. 

When  a  precipitate  has  been  collected,  washed,  and  dried  on  a 
filter,  minute  particles  of  it  adhere  so  firmly  to  the  paper  that  it  is 
found  impossible  to  remove  them.  The  weighing  of  dried  precipi- 
tates involves,  therefore,  in  all  accurate  analyses,  the  drying  and 
weighing  of  the  filter  also.  To  obtain  accurate  reeolts,  it  is  neces- 
sary to  dry  and  weigh  the  filter  before  nsing  it ;  the  temperature  at 
which  the  filter  is  dried  mnet  be  the  same  as  that  to  which  it  is 
intended  subsequently  to  expose  the  precipitate.  Another  condi- 
tion is  that  the  filtering-paper  must  not  contain  any  substance 
liable  to  be  dissolved  by  the  flnid  passing  through  it. 

The  drying  is  conducted  either  in  the  water-,  air-,  or  oil-bath, 
according  to  the  degree  of  heat  required.  The  weighing  is  per- 
formed in  a  closed  vessel,  mostly  between  two  clasped  watch-glasees 
,  (fig,  20),  or  in  a  platinum  crucible.  When  the  filter  appears  dry, 
it  is  placed  between  the  warm  watch-glasses,  or  in  a  warm  crucible, 
allowed  to  cool  under  a  bell-glass,  over  sulphuric  acid,  and  weighed. 
The  reopened  crucible  or  watcli-glasses,  togotlier  with  the  filter,  are 
then  again  exposed  for  some  time  to  the  required  degree  of  heat, 
and,  after  cooling,  weighed  once  more.  If  the  weight  does  not 
differ  from  that  found  at  first,  the  filter  may  be  considered  dry, 
and  we  have  simply  to  note  the  collective  weight  of  the  wat«^- 
ghisses,  clasp,  and  filter,  or  of  the  crucible  and  filter. 

After  the  washing  of  the  precipitate  has  been  concluded  and 
the  water  allowed  to  run  off  as  far  ae  possible,  the  filter  with  the 
precipitate  is  taken  off  the  fnnnel,  folded  np,  and  placed  npon 
blotting-paper,  which  is  then  kept  for  some  time  in  a  moderately 
warm  place  protected  from  dnst ;  it  is  finally  put  into  one  of 
the  watch-glass^,  or  into  the  uncovered  platinum  crucible,  with 
which  it  was  first  weighed,  and  exposed  to  the  appropriate  degree 
of  heat,  either  in  tlie  water-,  air-,  or  oil-bath.  When  it  is  judged 
that  the  precipitate  is  dry,  the  second  watch-glass,  or  the  lid  of  tlie 
crucible  is  put  on  (with  the  clasp  pushed  over  the  two  in  the  former 
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case),  and  t^e  whole,  after  cooling  in  the  desiccator,  is  weighed. 
The  filter  and  the  precipitate  are  then  again  exposed,  in  the  same 
way,  to   the   proper   drying  temperature,   allowed   to   cool,   and 
weighed  again,  the  same  process  being  repeated  nntil  the  weight 
remains  constant  or  varies  only  to  the  extent  of  a  few  deci-miUi- 
grammes.     By  subtracting  from  the  weight 
f  onnd  the  tare  of  the  crucible  or  watch-glaeses 
and  filter,  we  obtain  the  weight  of  the  dry 
precipitate.     [The  filter  must  not  bo  dried  too 
long,  as  it  slowly  loses  weight,  and  even  be- 
comes brown  from  decomposition  when  heated 
to  100°  for  days  together.] 

It  happens  sometimes  that  the  precipitate  ^^    g^ 

nearly  fills  the  filter,  or  retains  a  considerable 
amount  of  water;  or  sometimes  the  paper  is  so  thin  tliat  its  re- 
moval from  the  funnel  canuot  well  be  efitectcd  without  t«anng. 
In  all  such  cases,  the  best  way  is  to  let  the 
filter  and  precipitate  get  nearly  dry  in  the 
funnel,  which  may  be  effected  readily  by 
covering  the  latter  with  a  piece  of  blotting 
paper*  to  keep  out  tlie  dust,  and  placing 
it,  supported  on  a  broken  beaker  (fig.  38), 
or  some  other  vessel  of  the  kind,  on  the 
steam-apparatus  or  sand-bath,  or  stove,  or 
**■  ™'  on  a  heated  iron  plate.     For  support  to  a 

funnel  while  drying  a  hollow  fnistnm  of  a  cone  open  both  ends, 
made  of  sheet  zinc  (fig.  39),  is  convenient.  Two  sizes  may  be  used, 
10  em.  and  12  cm.  high  respectively.  The  lower  diameter  should 
be  from  7  to  8,  the  upper  from  4  to  6  cm. 


ib.  Ignition  of  Precipitates. 

In  this  process  it  is  necessary  to  bum  the,  filter  and  substract 
the  weight  of  the  filter  ash  from  the  total  weight  found. 

If  care  be  taken  to  make  the  filters  always  of  the  same  paper, 

•  Turned  down  over  tlie  rim.  Or  more  neatly  as  follows: — Wet  e.  common 
cut  filler,  BErelch  it  over  the  ground  top  of  Ihe  funnel,  and  Ibcn  gently  Icor  off 
the  superfluous  paper.  The  cover  tlius  formed  coDtinuea  to  adhere  after  drying 
witb  some  force. 
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and  to  cat  every  Bize  hj  a  pattern,  the  qtiantitj  of  ash  whicli  each 
size  yields  upon  incineration  may  be  readily  determined.  It  ia 
necessary,  however,  to  determine  separately  the  quantity  of  ash 
left  by  ordinary  iiltere,  and  that  left  by  filten  which  hare  been 
washed  with  hydrochloric  acid  and  water ;  on  an  average  the  latter 
leave  about  half  as  mnch  aah  as  the  former.  To  determine  the  fil- 
ter ash  take  ten  filters  (or  an  eqnal  weight  of  enttings  from  the 
same  paper),  bnm  them  in  an  obliqnely-placed  platinum  emeible, 
and  ignite  until  every  trace  of  carbon  is  consuued ;  then  weigh 
the  ash,  and  divide  the  amount  found  by  ten;  the  qaotient  ex- 
presses, with  sufficient  precision,  the  average  quantity  of  aeh  which 
every  individaal  filter  leaves  upon  incineration. 

In  the  ignition  of  precipitates,  the  following  four  points  have 
to  be  more  particularly  regarded: 

1.  No  loss  of  substance  must  be  incurred ; 

2.  The  ignited  precipitates  must  really  be  the  bodies  they  are 
represented  to  be  in  the  calculation  of  the  results ; 

3.  The  incineration  of  the  filters  must  be  complete ; 

4.  The  cmcibles  most  not  be  attacked. 

The  following  two  methods  seem  to  me  the  simplest  and  most 
appropriate  of  all  that  have  as  yet  been  proposed.  The  selection 
of  either  depends  upon  certain  circumstances,  which  I  shall  imme- 
diately have  occasion  to  point  out.  Bnt  no  matter  which  method 
is  resorted  to,  the  precipitate  must  always  be  thoroughly  dried, 
before  it  can  properly  be  exposed  to  a  red  heat.  The  application 
of  a  red  heat  to  moist  precipitates,  more  particularly  to  such  as  are 
very  light  and  loose  in  the  dry  state  (silicic  acid,  for  instance), 
involves  always  a  risk  of  loss  from  the  impetuously  escaping 
aqueous  vapors  carrying  away  with  them  minute  particles  of  the 
substance.  Some  other  substances,  as  aluminium  hydroxide  or 
ferric  hydroxide,  for  instance,  form  small  hard  lumps ;  if  such 
lumps  are  ignited  while  still  moist  within  they  are  liable  to  fiy 
about  with  great  violence.  The  best  method  of  drying  precipitates 
as  a  preliminary  to  ignition  is  as  described  in  §  50,  the  last 
paragraph. 

Eespecting  the  ignition,  the  degree  of  heat  to  be  applied  and 
the  duration  of  the  process  must,  of  course,  depend  upon  the 
nature  of  the  precipitate  and  upon  its  deportment  at  a  red  heat 
As  a  general  rule,  a  moderate  red  heat,  applied  for  about  five 
minutes,  is  found  sufficient  to  effect  the  purpose ;  there  are,  how- 
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erer,  many  exceptions  to  this  rule  wliidi  will  be  indioated  where, 
ever  they  occur. 

Whenever  the  choice  a  permitted  between  porcelain  and 
platinum  cmcibles,  the  latter  are  always  preferred,  on  account  of 
their  comparative  lightnees  and  infrangibility,  and  because  they 
are  more  readily  heated  to  redaeas.  The  cmcible  selected  should 
always  be  of  sofficient  capacity,  as  the  use  of  crucibles  deficient  in 
size  involves  the  risk  of  Iobb  of  substance.  The  proper  size,  in 
most  cases,  is  4  cm,  in  height,  aud  3'5  cm.  in  diameter.  That  the 
cmcible  must  be  perfectly  clean,  both  inside  and  outside,  need 
hardly  be  mentioned.  The  analyst  should  acquire  the  habit  of 
cleaning  and  polishing  the  platinum  crucible  always  after  using  it. 
This  should  be  doue  by  friction  with  moist  sea-sand  whose  grains 
are  all  ronnd  and  do  not  scratch.  The  sand  is  rubbed  on  with  the 
finger,  and  the  desired  effect  is  produced  in  a  few  minutes.  The 
adoption  of  this  habit  is  attended  with  the  pleasure  of  always 
working  with  a  bright  crucible  and  the  profit  of  prolonging  its 
existence.  This  mode  of  cleaning  is  all  the  more  necessary,  when 
one  igaitea  over  gas-lampa,  since  at  this  high  temperature  cmcibles 
Boon  acquire  a  gray  coating,  which  arises  from  a  superficial  loosen- 
ing of  the  platinum,  A  little  burnishing  with  eea-«and  readily 
removes  the  appearance  in  question,  without  causing  any  notable 
diminution  of  the  weight  of  the  crucible.  The  foregoing  remarks 
on  platinmu  crucibles  refer  equally  to  those  of  indium-platinum — 
which,  by  the  by,  are  now  much  used,  and  very  highly  to  be  recom- 
mended—only the  restoration  of  the  polish  is  somewhat  more  diffi- 
cult with  the  Utter,  on  account  of  the  greater  hardness  of  the  alloy. 
If  there  are  spots  on  the  platinum  or  iridium-platinum  cmcibles, 
which  cannot  be  removed  by  the  sand  without  wearing  away  too 
ninch  of  the  metal,  a  little  potassium  disulphate  is  fused  in  the 
crucible,  the  fiuid  mass  shakeii  abont  inside,  allowed  to  cool,  and 
the  crucible  finally  boiled  with  water.  There  are  two  ways  of 
cleaning  cmcibles  soiled  outside ;  either  the  cmcible  is  placed  in  a 
latter  one,  and  the  interspace  filled  with  potassium  disulphate, 
which  is  then  heated  to  fusion ;  or  the  cmcible  is  placed  on  a 
platinum-wire  triangle,  heated  to  redness,  and  then  sprinkled  over 
with  powdered  potassium  disulphate.  Instead  of  the  sulphate  you 
may  use  borax.  Never  forget  at  last  to  polish  the  cmcibld  with 
sea-eand  again. 

When  the  cmcible  is  clean,  it  is  placed  upon  a  cleau.platinitni- 


by  Google 


88  OPEBATION8.  [§  6SL 

wire  triangle  (fig.  40),  ignited,  allowed  to  cool  in  the  desiccator, 
and  weighed.  This  operation,  though  not  indispensable,  is  atill 
always  advisable,  that  the  weigliing  of  the  empty  and  filled  cmcible 
may  be  performed  under  as  nearly  as  possible  the  same  circnm- 
stanccs.  The  empty  crucible  may  of  course  be  weighed  after  the 
ignition  of  the  precipitate ;  liowever,  it  ia 
preferable  in  most  cases  to  weigh  it  h^ore. 
The  ignition  is  effected  with  a  Bebzelicb 
spirit-lamp  or  a  gas-lamp,  or  else  in  a  mufBe. 
In  igniting  reducible  sabstances  over  lamps, 
the  analyst  must  always  bo  on  \\\i  guard 
against  the  contact  of  unconsumed  liydro- 
TM     so.  carbons  even  in  covered  crucibles.     When 

gas-lamps  are  used  there  is  especial  need  of 
cantion  in  this  respect.  Bednctlon  will  be  avoided  if  the  flame  is 
made  no  lai^er  than  necessary,  if  the  crucible  is  supported  in  the 
upper  part  of  the  flame,  and  if,  when  the  crucible  is  in  a  slanting 
poeition,  it  is  heated  from  behind. 

We  pass  on  now  to  the  description  of  the  special  methods. 

§  52. 

FiBBT  Mbthod.     (Ignition  of  the  Precipitate  vnth  the  I^tlter.) 

This  method  is  resorted  to  in  cases  where  there  is  no  danger  of 
a  redaction  of  the  precipitate  by  the  action  of  the  carbon  of  the 
filter.    The  mode  of  proceeding  is  as  follows : — 

The  perfectly  dry  filter,  with  the  precipitate,  is  removed  from 
the  funnel,  and  its  sides  are  gathered  together  at  tiic  top,  so  that 
the  precipitate  lies  enclosed  ae  in  a  small  bag.  The  filter  is  now 
-.put  into  the  crucible,  which  is  then  covered  and  heated  over  a 
:  spirit-lamp  with  double  draught,  or  over  gas  very  gently,  to  effect 
the  slow  cliarring  of  Uie  filter;  the  cover  is  now  removed,  the 
crucible  placed  obliquely,  and  a  stronger  degree  of  heat  applied, 
until  complete  incineration  of  the  filter  is  effected ;  the  lid,  which 
had  in  the  meantime  best  be  kept  on  a  porcelain  plate,  or  in  a  por- 
cel^n  crucible,  is  pnt  on  again,  and  a  red  heat  applied  for  some 
time  longer,  if  needed ;  the  crneible  is  now  allowed  to  cool  a  little, 
uid  is  then,  while  still  hot,  though  no  longer  red  hot,*  taken  off 

*  Taking  hold  of  a  trdAot  crucible  with  brass  tODgsmi^t  cause  the  formation 
.  of  UackxingB  rouniiit. 
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with  a  pair  of  tongs  of  brass  or  polislied  iron  (fig.  41),  and  pnt  in 
the  desiccator,  where  it  is  left  to  cool ;  it  is  finally  weighed. 

The  combostion  of  the  carbon  of  the  filter  may  be  promoted, 
in  cases  where  it  proceeds  too  slowly,  by  pushing  the  non-couEained 
particles,  with  a  smooth  and  rather  stont  platinnm  wire,  within  the 
focns  of  the  strongest  action  of  the  heat  and  air.  And  the  oper- 
ator may  also  increase  the  dranght  of  air  by  leaning  the  lid  of  the 
crucible  against  the  latter  in  the  manner  illustrated  in  fig.  42. 

It  will  occasionally  happen  that  particles  of  the  carbon  of  the 
filter  obstinately  resist  incineration.  In  snch  cases  the  operation 
may  be  promoted  by  putting  a  small  lump  of  fused,  dry  ammomom 


;3 


Fig.  41. 


Big.*a. 


nitrate  into  the  cmoible,  placing  on  the  lid  and  applying  a  gentle 
beat  at  first,  which  is  gradually  increased.  However,  as  this  way 
of  proceeding  is  apt  to  involve  some  loss  of  substance,  its  applica- 
tion should  not  be  made  a  general  rule. 

In  cases  where  the  bulk  of  the  precipitate  is  easily  detached 
from  the  filter,  the  preceding  method  b  occasionally  modified  in 
this,  that  the  precipitate  is  put  into  the  crucible,  and  the  filter, 
with  the  still  adhering  particles,  folded  loosely  together,  and  laid 
over  the  precipitate.  In  other  respects,  the  operation  is  eondacted 
in  the  manner  above  deecribecL 
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§53. 

Sesoond  Mbthod.    ijgnition  of  the  Precipitate  apa/rtfrom  the 
Filter.) 

Tliis  method  is  resorted  to  in  cases  where  a  redaction  of  tho 
precipitate  from  the  action  of  the  carbon  of  the  filter  is  appre- 
hended; and  also  where  the  ignited  precipitate  is  required  foi 
further  examination,  which  the  presence  of  the  filter  ash  might 
embarrass.  It  may  be  employed  also,  instead  of  the  first  method, 
in  all  cases  where  the  precipitate  is  easily  detached  from  the  filter. 
The  mode  of  proceeding  is  as  follows : — 

The  cmcible  intended  to  receive  the  precipitate  is  placed  npon. 
a  sheet  of  glazed  paper ;  the  perfectly  dry  filter  with  the  precipi- 
tate is  taken  ont  of  the  fnnnel,  and  gently  pressed  together  over 
the  paper,  to  detach  the  precipitate  &om  the  filter;  the  precipitate 
is  now  shaken  into  the  crucible,  and  the  particles  still  adlieriug  to 
the  filter  are  removed  from  it,  as  far  as  practicable,  by  farther 
pressing  or  gentle  rubbing  together  of  tho  folded  filter,  and  are 
then  also  transferred  to  the  crucible.  The  filter  is  now  spread 
open  upon  the  sheet  of  glazed  paper,  and  then  folded  in  fonn  of  a 
little  square  box,  enclosed  on  all  sides  by  the  parts  turned  up ;  any 
minnte  particles  of  the  precipitate  that  may  have  dropped  on  the 
glazed  paper  are  bmshed  into  this  little  box,  with  the  aid  of  a 
small  feather ;  the  box  is  closed  again,  rolled  np,  and  one  end  of  a 
long  platinum  wire  spirally  wound  round  it.  The  cmcible  being 
placed  on  or  above  a  porcelain  plate,  the  little  roll  is  lighted,  and, 
dunng  its  combustion,  held  over  the  crucible,  so  that  the  falling 
particles  of  the  precipitate  or  filter  ash  may  drop  into  it,  or,  at 
least,  into  the  porcelain  plate.  In  this  way,  and  by  occasionaUy 
holding  the  little  roU  again  in  or  against  the  fiame,  the  incineration 
of  the  filter  is  readily  and  safely  effected.  When  the  operation  is 
terminated,  a  slight  tap  will  eufiBce  to  drop  the  ash  and  the  remain- 
ing  particles  of  the  precipitate  into  the  crucible,  which  is  then  cov- 
ered, and  the  ignition  completed  as  in  §  53.  Where  it  is  intended 
to  keep  the  ash  separate  from  the  precipitate,  it  is  made  to  drop 
into  the  lid  of  the  crucible,  in  which  case  it  is  better  to  ignite  the 
crucible  with  the  principal  portion  of  the  precipitate  first.  This 
method  of  incinerating  the  filter,  devised  by  Bu^tsen,  is  preferable 
to  the  method  formerly  in  use,  in  which  the  filter,  freed,  as  far  aa 
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practicable,  from  the  predpitate,  was  burnt  either  whole  or  cat  np 
into  little  bite  on  die  lid  of  the  cmcible,  the  operation  being  pro- 
moted when  neceesaiy  by  gently  pressing  the  still  nnconsmned 
particles  with  a  platinmn  wire,  or  platinum  spatula,  against  the 
red-hot  lid.  No  matter  which  method  of  incineration  is  resorted 
to,  the  operation  most  alwajB  be  condaoted  in  a  spot  entiielj  pro- 
tected from  draughts. 

Certain  precipitates  snSer  some  essential  modification  in  their 
properties,  in  their  Bolnbilitjr,  for  instance,  from  ignition.  In  cases 
where  a  portion  of  a  enbstance  of  the  kind  is  required,  after  the 
weighing,  for  some  other  purpose  with  which  the  efEects  of  a  red 
heat  would  interfere,  the  two  operations  of  drying  and  igniting 
may  be  combined  in  the  following  way  :~The  predpitate  is  col- 
lected on  a  filter  dried  at  100° ;  it  is  then  also  dried,  at  100°,  and 
weighed  (§  50).  A  portion  of  the  dry  precipitate  is  put  into  a 
tared  cmcible,  and  its  exact  weight  ascertained ;  it  is  then  exposed 
to  a  red  heat,  allowed  to  cool  in  the  usual  way,  and  weighed  again ; 
the  diminution  of  weight  which  it  has  undergone  is  calculated  on 
the  whole  amount  of  the  precipitate. 

§  53,  a. 
Bdnsbn'b  Method  ov  Kapid  Fh-tratiok.* 

A  precipitate  is  washed  either  by  filtration  or  by  decantation : 
in  the  former  case  the  portion  of  liquid  not  mechanically  retained 
is  allowed  to  drain  from  the  precipitate ;  in  the  latter  it  is  sepa- 
rated by'  simply  pouring  it  away,  the  foreign  substances  contained 
in  the  precipitate  being  then  removed  by  the  repeated  addition  of 
aome  washing-fiuid,  in  each  successive  portion  of  which  the  pre- 
cipitate is,  as  far  as  possible,  unifoimly  suspended,  this  process 
being  continned  until  the  amount  of  impurity  becomes  so  minute 
that  its  presence  may  be  entirely  disregarded. 

In  the  process  of  filtration  as  hitherto  conducted,  the  time  re- 
quired is  BO  long  and  the  quantity  of  wash-water  needed  so  great 
tliat  some  simplification  of  this  continually  recurring  operation  is 
in  the  highest  degree  desirable.  The  following  method,  which  de- 
pends not  upon  the  removal  of  the  impurity  by  simple  attenuation, 
but  upon  its  displacement  by  forcing  the  wash-water  through  the 
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precipitate, -appears  to  me  to  combine  all  the  requisite  conditioiiB 
and  therefore  to  aatiBfy  the  need. 

The  rapidity  with  which  a  liquid  filters  depends,  asterit 
pariiue,  npon  the  difference  which  exists  between  the  presenre 
upon  its  npper  and  lower  surfaces.  Supposing  the  filter  to  consist 
of  a  solid  substance,  the  pores  of  which  snSer  no  alteration  h;  pres- 
sure, or  by  any  other  influence,  then  the  volume  of  liquid  filtered 
in  the  unit  of  time  is  nearly  proportional  to  the  difference  in  pres- 
sure :  this  is  clearly  shown  by  the  following  experiments,  made 
with  pure  water  and  a  filter  consisting  of  a  thin  plate  of  artifidal 
pumice-stone.  The  thin  plate  of  pumice  was  hermetically  fastened 
into  a  funnel  consisting  of  a  graduated  cylindrical  glass  resBel,  the 
lower  end  of  which  was  connected  with  a  lai^  thick  flask  by 
means  of  a  tightly  fitting  caoutchouc  cork.  The  pressure  in  the 
fiask  was  then  reduced  by  rarefying  the  air  by  means  of  a  method 
to  be  described  npon  another  occasion ;  and  for  each  difference  of 
pressure^,  measured  by  a  mercury  column,  the  number  of  seconds 
t  was  observed  which  a  given  quantity  of  water  occupied  in  passing 
through  the  filter.    The  following  are  the  results : — 


metre. 

0H9 

917 

16-4 

O-IDO 

81-0 

16-4 

0-282 

62-9 

14-9 

0«3 

330 

16-8 

In  the  ordinary  process  of  filtration,^  on  the  average  amounts 
to  no  more  than  0-004  to  0-008  metre.  The  advantage  gained, 
therefore,  is  easily  perceived  when  we  can  succeed  by  some  simple, 
practicable,  and  easily  attainable  method  in  multiplying  this  differ- 
ence in  pressure  one  or  two  hundred  times,  or,  say,  to  an  entire 
atmosphere,  without  running  any  risk  of  breaking  the  filter.  The 
solution  of  this  problem  is  very  easy :  an  ordinary  glass  funnel  has 
only  to  be  so  arranged  that  the  filter  can  be  completely  adjusted 
to  its  side  even  to  the  very  apex  of  the  cone.  For  this  purpose  a 
glass  funnel  is  chosen  possessing  an  angle  of  60°,  or  as  Dearly  60° 
as  possible,  the  walls  of  which  must  be  completely  free  from  ine- 
qoalities  of  every  desmption ;  and  into  it  is  jilaced  a  second 
funnel  made  of  exceedingly  tliin  platinum-foil,  and  the  sides  of 
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which  poBsesB  exactly  the  same  inclination  as  tlioee  of  the  glass 
funnel.  An  ordinary  paper  filter  is  then  introdnced  into  this  com- 
pound f nnnel  in  the  usual  manner ;  when  carefully  moistened  and 
so  adjusted  that  no  air-hubbles  are  visible  between  it  and  the  glass, 
this  filter,  when  filled  with  a  liquid,  will  support  the  preBflore  of 
an  extra  atmoephere  withont  ever  breaking. 


Fig.  48L 

The  platinum  funnel  is  easily  made  from  thin  platinum-foil  in 
the  following  manner: — In  the  ciirefully  chosen  glass  funnel  is 
placed  a  perfectly  acauratdy  fitting  filter  made  of  writing-paper; 
this  is  kept  in  position  by  dropping  a  little  melted  sealing-wax 
between  its  upper  edge  and  the  glass ;  the  paper  is  next  saturated 
with  oil  and  filled  with  liquid  plaster  of  Paris,  and  before  the 
mixture  solidifies  a  small  wooden  handle  is  placed  in  the  centre. 
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After  an  Iionr  or  so  the  plaster  cone  witli  the  adhering  paper 
filter  can  be  withdrawn  by  meaos  of  the  handle  from  the  fnnnel, 
to  which  it  accorately  oorrespondB.  The  paper  on  the  onlfiide  of 
the  cone  is  again  covered  with  oil,  and  the  wliole  carefully  inserted 
into  liquid  plaeter  of  Paris  contained  in  a  small  crucible  4  or  5 
centime,  in  height.  After  the  mixture  has  solidified,  the  cone 
may  be  easily  withdrawn ;  the  adhering  paper  fitter  is  then 
detached,  and  any  email  pieces  of  paper  still  remaining  removed  by 
gentle  rubbing  with  the  finger.  In  this  manner  a  solid  cone  is  ob- 
tained accurately  fitting  into  a  hollow  cone,  and  of  which  the  angle 
of  inclination  perfectly  correaponda  with  that  of  the  glass  funnel. 

Fig.  43, 1,  represents  the  cones.     By  their  help  the  small  plati- 
num funnel  is  made.     A  piece  of  platinum  (shown  three-fourths 
of  the  natural  size  iij  fig,  44)*  is  cnt  from  foil  of 
such  a  thickness  that  one  square  centimetre  weighs 
I         j     about  0'154  grm.,  and  from  the  centre  a  a  vertical 
b  incision  is  made  by  the  scissors  to  the  edge  cbd. 

Fig.  44.  ^g  small  piece  of  foil  is  next  rendered  pliable 

by  being  heated  to  redness,  and  is  placed  upon  the  solid  cone 
in  such  a  manner  that  its  centre  a  touches  the  apex  of  the 
latter ;  the  side  ah  d  \a  then  closely  pressed  upon  the  plaster, 
and  the  remaining  portion  of  the  platinum  wrapped  as  equally 
and  as  closely  as  possible  around  the  cone.  On  again  heating  the 
foil  to  redness,  pressing  it  once  more  upon  the  cone,  and  inserting 
the  whole  into  the  hollow  cone,  and  taming  it  round  once  or 
twice  under  a  gentle  pressure,  the  proper  shape  is  completed. 
The  platinum  fnnnel,  which  should  not  allow  of  the  transmission 
of  light  through  its  extreme  point,  even  now  poeeeseee  such  sta- 
bility that  it  may  be  immediately  employed  for  any  purpose.  If 
desired,  it  may  be  made  still  stronger  by  soldering  down  the  over- 
lapping portion  in  one  spot  only  to  the  upper  edge  of  the  foil  by 
means  of  a  grain  or  two  of  gold  and  borax ;  in  general,  however, 
this  precaution  is  unnecessary.  If  the  shape  has  in  any  degree 
altered  during  this  latter  process,  it  is  simply  necessary  to  drop 
the  platinum  funnel  into  the  hollow  cone  and  then  to  insert  the 
solid  cone,  when  by  one  or  two  turns  of  the  latter  the  proper  form 

*  The  diameter  of  a  in  the  origiDal  drawing  ia  S'5  centimetres.  Perfomled 
platiDum  cones  admirably  adnpted  for  use  with  the  Buneen  fltlering  apparatus 
can  DOW  be  purchased  of  dealers  iu  cbcmlcsl  apparatus,  or  of  the  manutocturer. 
Mr.  J.  Biahop,  Sugsrtoim,  Chester  Co.,  Pa. 
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may  be  immediately  restored.  The  platiDum  funnel  ie  placed  in 
the  bottom  of  the  glaee  funnel,  the  dry  paper  filter  then  introduced 
in  the  ordinary  manner,  moistened,  and  freed  from  all  adhering 
ur4>nbbles  hj  pressure  with  the  finger.  A  filter  so  arranged  and 
in  perfect  contact  with  the  glass,  when  filled  with  a  liquid  will 
support  the  pressure  of  an  entire  atmosphere  without  the  least 
danger  of  breaking;  and  the  interspace  between  the  folds  of  the 
platinum  foil  is  perfectly  sufficient  to  allow  of  the  passage  of  a 
continuous  stream  of  water. 

In  order  to  be  able  to  produce  the  additional  pressure  of  an 
atmosphere,  the  filtered  liquid  is  received  in  a  strong  glass  flask 
instead  of  in  beakers.*  This  flask  is  closed  by  means  of  a  doubly 
perforated  caoutchouc  cork,  through  one  of  the  holes  of  which  the 
neck  of  the  glass  funnel  is  passed  to  a  depth  of  Jrom  5  to  8  eeTiii- 
vieirea  (fig.  43,  J) ;  through  the  other  is  fitted  a  narrow  tube  open 
at  both  ends,  the  lower  end  of  which  is  brought  exactly  to  the 
Uod  of  tlie  lower  surface  of  the  cork,  to  the  other  is  adapted  tlie 
caoittchonc  tube  connected  with  the  apparatus  destined  to  produce 
the  requisite  difference  in  pressure :  this  apparatus  will  be  de- 
scribed immediately.  The  flasks  are  placed  in  a  metallic  or  porce- 
laia  vessel,  in  the  conical  contraction  of  which  several  strips  of 
cloth  are  fastened.  This  method  of  supporting  the  flask  has  the 
advantage  that,  in  one  and  the  same  vessel,  flasks  vatying  iu  size 
from  0'5  to  2~5  litres  stand  equally  wel'  ind  that  by  simply  laying 
a  cloth  over  the  month  of  the  vessel,  the  consequences  of  an 
explosion  (which  through  inexperience  or  carelessness  is  possible) 
are  rendered  harmless. 

It  is  impossible  to  employ  any  of  the  air-pumps  at  present  in 
use  to  create  the  difference  in  pressure,  since  the  filtrate  not  nnfre- 
quently  contains  chlorine,  sulphnrons  acid,  hydric  sulphide,  and 
other  substances  which  would  act  injuriously  upon  the  metallic 
portions  of  these  instruments.  I  therefore  employ  a  water  air^ 
pump  constructed  on  the  principle  of  Spkenoel'b  mercury-pump, 
and  which  appears  to  me  preferable  to  all  other  forms  of  air-pump 
for  chemical  purposes,  since  it  effects  a  rarefaction  to  within  6  or 
13  miUimetres  pressure  of  mercary. 

Fig,  43  shows  the  arrangement  of  this  pump.  On  opening  the 
pinch-cock  a,  water  flows  from  the  tube  I  into  the  enlarged  glass 

*  These  flagkB  tnaet  be  somewbst  thicker  tban  those  ordimtrily  used,  in  order 
toprevent  the  possibility' of  tbeli  giving  nay  under  the  atmoepheric  pressure. 
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vessel  b,  and  thence  down  the  leaden  pipe  e.  This  pipe  has  a 
diameter  of  .abont  8  millimB.,  and  extends  downward  to  a  depth  of 
30  or  iO  feet,  and  ends  in  a  sewer  or  other  arrangement  serving  to 
convey  the  water  away.  The  lower  end  of  the  tube  d  possesses  a 
narrow  opening ;  it  is  hermetically  sealed  into  the  wider  tnbe  fr, 
and  reaches  nearly  to  the  bottom  of  the  latter.  A  manometer  is 
attached  to  the  upper  continnatiou  of  this  tube  d  by  means  of  a 
side  tube  at  d*;  at  t?  is  attached  a  strong  thick  caoutchouc  tube 
posBeesing  an  internal  diameter  of  5  miUims.  and  an  external  diam- 
eter of  12  millima. ;  this  leads  to  the  fla^k  which  is  to  be  rendered 
vacuous,  and  is  connected  with  it  by  means  of  the  short  narrowed 
tube  k.  Between  the  air-pump  and  the  flask  is  placed  the  small 
thick  glass  veseciy,  in  which,  when  one  washes  with  hot  water,  the 
steam  which  may  be  carried  over  is  condensed.  All  the  caoutchouc 
joinings  are  made  with  very  thick  tubing,  the  internal  diameter  of 
which  amounts  to  abont  5  millims.,  the  external  diameter  to  abont 
IT  millims.  The  entire  arrangement  is  screwed  down  upon  a 
board  fastened  to  the  wall,  in  such  a  manner  that  each  separate 
piece  of  the  apparatus  is  held  by  a  single  fastening  only,  in  order 
to  prevent  the  tabes  being  strained  and  broken  by  the  possible 
warping  of  the  board.  On  releasing  the  pincbcock  a,  water  flows 
from  the  conduit  I  down  the  tube  c  to  a  depth  of  more  than  30 
feet,  carrying  with  it  the  air  which  it  sucks  through  the  small 
opening  of  the  tube  d  in  the  form  of  a  continuous  stream  of 
bubbles.  No  advantage  is  gained  by  increasing  the  rapidity  of 
the  flow,  since  the  friction  exerted  by  the  water  upon  the  sides  of 
the  leaden  pipe  acts  directly  as  a  counter-pressure,  and  a  compara- 
tively small  increase  in  the  rapidity  of  the  flow  is  accompanied  by 
a  great  increase  in  the  amount  of  this  friction.  Accordingly  at  g 
is  a  second  pinchcock,  by  which  the  stream  can  be  once  for  all  so 
regulated  that,  on  completely  opening  the  cock  a,  the  friction,  on 
accOQDt  of  the  diminished  rate  of  flow,  is  rendered  sufficiently 
small  to  allow  of  the  maximum  degree  of  rarefaction.  Snch  an 
apparatus,  when  properly  regulated  once  for  all  by  means  of  the 
cock  gfy  exhausts  in  a  comparatively  short  time  the  largest  vessels 
to  within  a  pressure  of  mercury  equal  to  the  tension  of  aqneous 
vapor  at  the  temperature  possessed  by  the  stream.*    The  tension 

*  The  time  required  to  obtain  the  above  degree  of  exhaustion  in  a  flask  of 
froDi  1  to  8  litres  capacity  rangcB  from  six  to  ten  minutes;  the  quantity  of  water 
necessary  amounts  to  about  40  or  GO  litns. 
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exerted  hj  the  water-stream  in  my  laboratory,  in  wliich  six  of 
these  pumps  are  used,  amotinte  to  abont  7  millims.  in  winter  and 
10  millims.  in  snmmer.  The  filtration  is  made  in  the  following 
manner :  The  flask  standing  in  the  metallic  or  porcelain  vessel  is 
connected  by  means  of  the  slightly  drawn-out  tnbe  &  with  the 
eaoiitchoQc  tnbe  A  attached  to  the  pump,  the  cock  a  having  been 
previously  opened  and  the  properly  fitted  moistened  filter  filled 
with  the  liquid  to  be  filtered.  As  nsual,  the  clear  supernatant 
flnid  is  first  poured  apon  the  filter;  in  a  moment  or  two  the 
filtrate  runs  through  in  a  continnons  stream,  often  so  rapidly  that 
one  must  hasten  to  keep  np  the  snpply  of  Hquid,  since  it  is  advis- 
able to  maintain  the  filter  as  full  as  possible.  After  the  precipi- 
tate has  been  entirely  transferred,  the  filtrate  passes  through  drop 
by  drop,  and  the  manometer  not  nnfrequently  now  shows  a  pres- 
sure of  an  extra  atmosphere.  The  filter  may  be  filled  (in  fact  this 
is  to  be  recommended)  with  tho  precipitate  to  within  a  millimetre 
of  its  edge,  since  the  precipitate,  in  consequence  of  the  high  pres- 
sure to  which  it  is  subjected,  becomes  squeezed  into  a  thin  layer 
broken  up  by  innumerable  fissures.  As  soon  as  the  liquid  has 
passed  through  and  the  first  traces  of  this  breaking  up  become 
evident,  the  precipitate  will  be  found  to  have  been  so  firmly 
pressed  upon  the  paper,  that  on  cautiously  pouring  water  over  it  it 
remains  completely  undisturbed.  The  washing  is  effected  by  care- 
fnlly  poming  water  down  the  sinte  of  the  funnel  to  within  a  centi- 
metre above  the  rim  of  the  filter :  the  washing  flask  for  this  pur- 
pose is  not  applicable ;  the  water  must  be  poured  from  an  open 
vessel.  After  tho  filter  has  in  this  manner  been  replenished  four 
times  with  water  and  allowed  to  drain  for  a  few  minutes,  it  will 
be  foond  to  be  already  so  far  dried,  in  consequence  of  the  high 
pressare  to  which  it  has  been  subjected,  that  without  any  further 
desiccation  it  may  be  withdrawn,  together  with  the  precipitate, 
from  the  funnel,  and  immediately  ignited,  with  the  precautions  to 
be  presently  g^ven,  in  the  cmcible. 

§  53,  h. 

Bgfhsen's  Sihflitied  Exhaubteto  ApPAAATtra. 

It  is  not  necessary  to  nse  a  pump  as  powerful  as  that  described, 
since  a  fall  of  10  or  15  feet  is  sufficient  to  filter  a  precipitate  accord- 
ing to  the  above  described  method,  and  so  far  to  dry  it  that  it  oan- 
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he  immediately  ignited  in  the  cracible.  The  simple  arrangement 
rcpreBented  in  fig.  46  answers  this  parpose.  It  coneiets  of  two 
equal-sized  bottles,  a  and  a',  of  from  2  to  4  litres  capacity,  each  of 
wlt'oti  U  provided  near  the  bottom  with  a  small  stopcock  designed 
to  regulate  the  flow  of  water.  Snppose  a 
filled  with  water  and  placed  upon  a  shelf  as 
high  above  the  ground  as  possible,  and  a' 
placed  empty  on  tlie  floor,  and  the  two  stop- 
cocks connected  by  means  of  caontchoiic  tul)- 
ing  c,  then  on  allowing  water  to  flow  down 
the  tube  the  air  in  the  upper  bottle  becomes 
somewhat  rarefied ;  and  in  order  to  employ 
the  consequent  difference  in  pressure  (aiuoant- 
ing  to  a  column  of  mercury  about  0'2  metre 
in  height)  for  the  purpose  of  filtration,  it  is 
only  necessary  to  connect  the  month  of  the 
upper  bottle  with  the  tube  of  the  filter-flask. 
When  the  water  has  ceased  to  flow,  the  posi- 
tion of  the  bottle  is  reversed,  when  the  oper- 
ation recommences.  So  small  a  pressure  as 
0'2  metre  suffices  to  render  the  filter  and  its 
contents  so  far  dry  that  they  may  be  imme- 
diately withdrawn  from  the  fonnel  and  ig- 
nited without  any  other  preliminaiy  desicca- 
tion. 

§  53,  c 
Buksen'b  Method  of  Detiko  and  Ionitino 

PEECIPrrATES. 

If  a  precipitate  be  heated  in  a  platinum 
Fte  46,  cmcible  immediately  after  filtration  by  the 

older  process,  a  portion  will  inevitably  be 
projected  out  of  the  cmcible.  Hitherto,  tlierefore,  it  has  been 
necessary  to  diy  the  filter  and  precipitate  before  ignition.  Now 
to  dry  a  quantity  of  hydrated  chromium  sesquioxide  containing 
0-2436  grm.  Cr^O'  in  a  water-bath  at  100°  C.  requires  at  least  five 
hours;  and,  moreover,  bringing  the  dried  precipitate  into  the 
enieible,  burning  the  filter,  and  gradually  igniting  the  mass  is  in 
.the  liighest  degree  tedious  and  troublesome.     All  this  exp^iditure 
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of  time  and  labor  may  be  saved  hj  employing  the  new  metliod. 
By  its  meaoB  a  precipitate  is  as  completely  dried  upon  the  filter  in 
from  1  to  5  minntes  aa  if  it  bad  been  exposed  from  S  to  8  bomv  in 
a  drying  chamber ;  and  it  can  immediately,  filter  and  all,  be  thrown 
intoaplatinnm  or  porcelain  cmcible  and  ignited  without  the  slight- 
est fear  of  its  spurting.  By  operating-  in  the  following  manner  the 
filter  bums  qnietly  without  flame  or  smoke;  this  phenomenon, 
although  remarkable,  easily  admits  of  an  explanation.  The  portion 
of  filter-paper  free  from  precipitate  is  tightly  wrapped  round  the 
remainder  of  the  filter  in  snch  a  manner  that  the  precipitate  is 
enveloped  in  from  four  to  six  folds  of  clean  paper.  The  whole  is 
then  dropped  into  the  platinum  or  porcelain  cmciblo  lying  obliquely 
npon  a  triangle  over  the  lamp,  and  pushed  down  against  its  sides 
with  the  finger.  The  cover  is  then  supported  against  the  month  of 
the  emeible  in  the  ordinaiy  way,  and  the  ignition  commenced  by 
heating  the  portion  of  the  cmcible  in  contact  with  the  cover.  When 
the  fiame  has  the  proper  size  and  position,  the  filter  carbonizes 
quietly  without  any  appearance  of  fiame  or  considerable  amount  of 
smoka  When  the  carbonization  proceeds  too  slowly,  the  fiame  is 
moved  a  little  toward  the  bottom  of  the  crucible.  After  some  time 
the  precipitate  appeare  to  be  surrounded  only  by  an  extremely  thin 
envelope  of  carbon,  posseting  exactly  the  form  (of  course  dimin- 
ished in  size)  of  the  original  filter;  the  fiame  is  then  incTeased, 
and  the  cmcible  maintained  at  a  bright-red  heat  until  the  carbon 
contained  in  this  envelope  is  consumed.  Tlie  combustion  proceeds 
so  quietly  that  the  resulting  ash  enrrounding  the  precipitate  pos- 
sesses, even  to  the  smallest  fold,  the  exact  form  of  the  original 
filter.  If  the  ash  shows  here  and  there  a  dark  color,  it  is  simply 
tiecesaaty  to  heat  the  crucible  over  a  blast-lamp  for  a  few  minutes 
to  effect  the  complete  removal  of  the  trace  of  carbon.  This 
method  of  burning  a  filter  is  extremely  convenient  and  accurate ; 
it  is  only  neoeesary  to  give  a  little  attention  at  first  to  the  slow  car- 
bonization of  the  paper,  after  which  the  farther  progress  of  the 
operation  may  be  left  to  itself. 

Gelatinous,  finely  divided,  granular,  and  cryBtalline  precipitates, 
such  as  alnmina,  calcinm  oxalate,  barium  sulphate,  silica,  &c.,  may 
with  equal  facility  be  treated  in  this  manner ;  so  that  even  in  this 
particular  the  work,  in  comparison  with  the  method  generally 
adopted,  is  considerably  shortened  and  simplified.  [This  method 
should  not,  of  course,  be  used  when  the  snbstauce  to  be  ignited  is 
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such  as  to  be  InjiuionBlj  aSected  b;  the  rednoing  action  of  filter- 
paper.] 

§  53,  d. 
tTsB  or  Asbestos  Filtxbb  'with  Bditssii'b  Fh-tkbiho  Afpasatub. 

A  method  of  filtering,  washing,  and  igniting  precipitates  ■mtik 
oat  the  use  of  paper  filters,  which  in  many  cases  possesses  great 
advantages,  has  been  devised  by  F.  A.  Gooch^ 
'  and  is  described  as    follows.*    Mrtt  White, 
silkj,  anhydrouB  asbestos  is  scraped  to  a  fine 
_  short  down  with  an  ordinary  knife-blade,  boiled 

Fig.  40.  with  hydrochloric  acid  to  remove  traces  of  iron 

or  other  solnble  matter,  waahed  by  decsntation,  and  set  aside 
for  use. 

Secondly.  A  platinnm  crucible  of  ordinaiy  size,  preferably  of 
the  broad  low  pattern  (fig.  46),  is  chosen,  and  the  bottom  (fig.  47) 

perforated  with  fine  holes  (the  more 
kp-^  ]\  nomeroos  and  the  finer  the  better) 
'—  -  '  by  means  of  a  steel  point ;  or  better 
still,  the  bottom  may  be  made  of  fine  \ 
platinnm  gaoze.  Next,  a  Bnnsen  fun- 
nel of  the  proper  size  is  selected,  and  over  the 
top  a  short  piece  of  mbber  tubing  f  is  stretched 
and  drawn  down  until  the  portion  above  the 
funnel  arranges  itself  at  right  angles  to  the 
stem.  Within  the  opening  in  the  rubber,  the 
perforated  crucible  is  fitted  as  shown  in  fig.  48, 
and  the  funnel  is  connected  with  the  receiver 
of  a  Bunsen  pnmp  or  other  exhausting  appa- 
ratus in  the  ordinary  way. 

To  make  the  asbestos  filter,  the  pressure  of  the  pump  is  applied, 
and  a  little  of  the  asbestos  prepared  as  described,  and  suspended  in 
water,  is  poured  into  the  crndble.    The  rubber  and  the  crucible 


Kg.  47. 


Fig.48L 


*  Proceedlnga  of  Am.  Acad.  Arts  and  Bdencea,  1878,  p.  Sti. 

t  If  suitable  rubber  tubing  ia  not  at  lumd  for  flUlug  tbe  cniciblo  to  tlie  fun- 
nel, a  piece  of  strong  glaea  tube,  preferably  tapering  sligbtij,  msi;  1m  need  in 
place  ot  a  fonnel.  The  diameter  of  the  tube  should  exceed  XbgX  of  the  crucible. 
One  end  Is  drawn  down  to  size  of  a  common  funnel  stem;  the  crucible  ia  then 
fitted  to  the  large  end  by  means  of  a  short  section  of  large  rubber  tutrfng,  or  a 
bored  rubber  Hopper. 
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are  held  together  by  the  exhaustion  of  the  vacanm  pomp  with  Bof- 
fictent  force  to  make  an  air-tight  joint ;  the  water  is  drawn  through 
and  the  asbeatos  is  deposited  ahnoet  instantly  in  a  close  compact 
layer  on  the  perforated  bottom ;  more  asbeetoe  (if  neeeseary)  in  sus- 
pension as  before  being  poured  upon  the  first  nntil  the  layer 
becomes  sufficiently  thick  for  the  pnrposo  for  which  it  is  intended. 
Finally  a  little  distilled  water  is  drawn  throngh  the  apparatus  to 
wash  away  any  filaments  which  might  ding  to  the  nnder  aide,  and 
the  filter  is  ready  for  use ;  the  whole  process  occupying  lees  time 
than  is  required  to  fold  and  fit  an  ordinary  paper  filter  to  a  funneL 

To  prepare  the  filter  for  the  weighing  of  a  precipitate,  the 
cmcible  with  the  felt  of  asbestos  undietarbed  is  removed  from 
the  fonnel  and  ignited.  In  case  the  precipitate  to  be  enbee- 
qnently  collected  must  be  heated  to  high  temperature  for  a  long 
time,  it  is  better  to  eucloee  the  perforated  crucible  with  its  felt 
within  another  crucible ;  because  in  such  cases  asbeetoe  felt  is  apt 
to  curl  at  the  edges,,  and  without  such  precaution  some  of  the 
precipit^e  might  drop  through  the  perforations  and  be  lost.  For 
drying  at  low  temperatures,  however,  and  even  for  ordinary  igni- 
tion, a  second  crucible  is  unnecessary ;  but,  dnring  the  ignition  of 
an  easily  reducible  substance  care  must  be  taken  to  avoid  contact 
of  nnbumt  gas  with  the  perforated  bottom. 

To  perform  the  filtration,  the  cmcible  is  replaced  in  the  funnel^ 
the  pressure  applied,  and  the  process  condacted  precisely  as  in 
ordinary  filtration  by  the  Bunsen  pump.  It  is  necessary  to  observe 
that  the  Tacnum  pump  be  started  before  pouring  the  liquid  upon 
the  filter.  The  final  drying  or  ignition,  as  the  case  may  be,  of  the 
precipitate  and  filter  is  made  withont  difficulty,  or  need  of  extra 
precaation. 

For  turbid  liquids,  or  gelatinous  precipitates,  instead  of  the 
perforated  crucible  a  platinum  cone  may  be  used,  the  upper  part 
being  made  of  foil,  the  lower  part  of  gauza  This  process  is  recom- 
mended not  only  for  such  pi-ecipitates  as  have  heretofore  uenally 
been  collected  upon  weighed  paper  filters,  bnt  also  for  many  other 
precipitates  which  are  asually  ignited,  but  whose  proper  ignition 
is  more  or  lees  interfered  with  by  the  presence  of  carbon. 
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§64. 

5.  Analtbib  bt  MsAacsK  (Yoluxktsio  Asaltsie). 

Tlie  principle  of  volumetric  analyBis  bas  been  explained  already 
in  the  "  Introduction,"  wbere  we  have  seen  how  the  quantity  of 
iron  present  in  a  fluid  as  a  ferrous  salt  may  be  determined  bj  means 
of  a  solution  of  potaasiam  permanganate,  the  value  of  which  bas 
been  previously  ascertained  by  observing  the  quantity  required  to 
convert  a  known  amount  of  iron  from  a  ferrous  to  a  ferric  salt. 

Solutions  of  accurately  known  composition  or  strength,  nsed  for 
the  purposes  of  volumetric  analysis,  are  called  standard  aoLuHom. 
They  may  be  prepared  in  two  ways,  viz.,  (a)  by  dissolving  a 
weighed  quantity  of  a  substance  in  a  definite  volnme  of  fluid ;  or 
(5),  by  first  preparing  a  suitably  concwtrated  solution  of  the  reagent 
required,  and  then  determining  its  exact  strength  by  a  series  of 
experiments  made  with  it  upon  weighed  quantities  of  the  body 
for  the  determination  of  which  it  is  intended  to  be  used. 

In  the  preparation  of  standard  solutions  by  method  a,  the  weight 
of  the  reagent  taken  for  1000  c.c.  may,  if  desired,  be  a  weight 
exactly  equival&at  to  1  gramme  of  hydrc^en  (see  §  192,  o^S).  In 
the  case  of  standard  solutions  prepared  by  method  b,  this  may  also 
lio  easily  done,  by  diluting  to  the  required  degree  the  stiU  some- 
what too  concentrated  solution,  after  having  accurately  determined 
it3  strength ;  however,  as  a  rule,  this  latter  process  is  only  resorted 
to  in  technical  analyses,  where  it  is  desirable  to  avoid  all  calculation. 
Fluids  wbiob  contain  the  eq.  number  of  grammes  of  a  substance  in 
one  litre,  are  called  normal  solutions  ;  those  which  contain  -^  of 
this  quantity,  deomormal  aolwtiona. 

The  determination  of  a  standard  solution  intended  to  be  naed 
for  volumetric  analysis  is  obviously  a  most  important  operation ; 
since  any  error  in  this  will,  of  course,  necessarily  falsify  every 
analysis  made  with  it.  In  scientiflc  and  accurate  researches  it  is, 
therefore,  always  advisable,  whenever  practicable,  to  examine  the 
standard  solnticoi — no  matter  whether  prepared  by  method  a,  or 
by  method  J,  with  subsequent  dilation  to  the  required  degree — ^by 
experimenting  with  it  npon  accurately  weighed  qoantities  of  the 
body  for  the  determination  of  which  it  is  to  be  used. 

In  the  previous  remarks  I  have  made  no  difference  between 
fluids  of  known  composition  and  those  of  known  power ;  and  this 
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has  hitherto  been  nanal  Bat  hj  accepting  the  two  ezpressiouB 
•B  aynonymons,  we  tabe  for  granted  that  a  finid  exercises  a  chemi- 
cal action  exactly  correspoDding  to  the  amount  of  diesolTed  enb- 
Btance  it  contains-^that,  for  instance,  a  solution  of  sodiom  chloride 
containing  1  mol.  Na  01  will  precipitatfl  exactly  1  at.  silver.  This 
presnuaption,  however,  is  very  often  not  ahsolntely  correct,  aa  will 
be  shown  with  reference  to  1^  very  example,  §  116,  h,  5.  In  saeh 
cases,  of  conrse,  it  is  not  merely  advisable,  bnt  even  absolntefy 
neceeeary,  to  determine  the  strength  of  the  flnid  by  experiment, 
althoagh  the  amonnt  of  the  reagent  it  contains  may  be  exactly 
known,  for  the  power  of  the  flnid  can  be  inferred  from  its  com- 
position only  approximately  and  not  with  perfect  exactness.  If  a 
.  standard  solation  keeps  unaltered,  this  ia  a  great  lidvantage,  as  it 
dispenses  vrith  the  necessity  of  determining  its  strength  before 
every  fresh  analysis. 

That  particolar  change  in  the  flnid  operated  npon  by  means  of 
a  standard  solntion  which  marks  the  completion  of  the  intended 
decomposition,  is  termed  the  fikal  sBAonoN.  This  consists  either 
in  a  chemge  of  color,  as  is  the  case  when  a  solution  of  potassinm  per- 
manganate acta  npon  an  acidified  solntion  of  ferroos  salt,  or  a  eola- 
tion of  iodine  npon  a  solution  of  snlphnretted  hydrogen  mixed  with 
starch  paste ;  or  in  the  oeaaaiion  of  the  formation  of  a  prempitaie 
npon  fnrther  addition  of  the  standard  solntion,  as  is  the  case  when 
a  standard  solntion  of  sodium  chloride  is  nsed  to  precipitate  silver 
from  its  aolntioD  in  nitric  acid;  or  in  inoipteni, preoipitatioTi,  as  is 
the  case  when  a  standard  solution  of  silver  is  added  to  a  solution  of 
hydrocyanic  acid  mixed  with  an  alkali ;  or  in  a  change  vn  the  action 
of  the  eseamtTied  fiuid  vpon  a  particular  reagent,  as  is  the  case 
.  when  a  solntion  of  sodinm  arsenite  is  added,  drop  by  drop,  to  a 
solntion  of  chloride  of  lime,  until  the  mixture  no  longer  imparts  a 
bine  tint  to  paper  moistened  with  potassium  iodide  and  starch- 
parie,  &a. 

The  more  sensitive  a  final  reaction  ia,  and  the  more  readily,  posi- 
tively, and  rapidly  it  manifests  itself,  the  better  is  it  calculated  to 
serve  as  the  basis  of  a  volnmetrio  method.  In  cases  where  it  is  an 
object  of  great  importance  to  ascertain  with  the  greatest  practica- 
ble precision  the  exact  moment  when  the  reaction  is  completed,  the 
analyst  may  sometimes  prepare,  besides  the  actual  standard  soln- 
tion, another,  ten  times  more  dilnte,  and  nse  the  latter  to  finish  the 
process,  carried  nearly  to  completion  with  the  former. 
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But  a  good  final  reaction  is  not  of  itself  enffident  to  afFord  a  aafe 
basis  for  a  good  volnmetric  method ;  this  reqairee,  as  the  fiist  and 
most  indifipensable  condition,  that  the  particular  decomposition 
which  constitates  the  leading  point  of  the  analytical  process  should 
— at  least  under  certain  known  circnmstancee — remain  nnalterably 
the  same.  Wherever  this  is  not  the  case — where  the  action  varies 
with  the  greater  or  less  degree  of  concentration  of  the  finid,  or 
according  as  there  may  be  a  little  more  or  lees  free  acid  present ;  or 
according  to  the  greater  or  less  rapidity  of  action  of  the  standard 
Bolntion ;  or  where  a  precipitate  formed  in  the  course  of  the  process 
has  not  the  same  composition  thronghont  the  operation — the  basis 
of  the  volumetric  method  is  fallaoioas,  and  the  method  itself, 
therefore,  of  no  value. 
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Fob  genend  infonnation  reepeoting  reagents,  I  refer  ^  stu- 
dent to  my  volnme  on  "  QoalitatiTe  Analysis." 

The  instrnctionB  given  here  will  be  confined  to  the  preparation, 
testing,  and  most  important  uses  of  those  chemical  enbatancee  which 
snbeerve  principally  and  more  exclusively  the  purposes  of  qnanti- 
tative  analysis.  Those  reagents  which  are  employed  in  qualitative 
investigations,  having  been  treated  of  already  in  the  volume  on  the 
qualitative  branch  of  the  analytical  science,  will  therefore  be  simply 
mentioned  here  by  name. 

The  reagents  used  in  quantitative  analysis  are  properly  arraoged 
onder  the  following  heads : — 

A.  Reagents  for  gravimetric  analysis  in  the  wet  way. 

£.  Reagents  for  gravimetric  analysis  in  the  diy  way. 

C.   Reagents  for  volumetric  analyBia. 

J).  Reagents  used  in  organic  analysis. 

The  mode  of  preparing  the  fluids  used  in  volnmettic  analysis, 
wUl  be  found  where  we  shall  have  occasion  to  speak  of  their  appli- 
cation. 


A.  BEAQSmS  FOB  GRAYIMETSia  ANALYSIS  IN  THE  WBT  WAT. 

I.    SIMPLE   BOLVENTB. 

§56. 

1.  DiBTiLLBD  Watee  (scc  "  Qual.  AnaL"). 

Water  intended  for  quantitative  investigations  must  be  perfectly 
pore.  Water  distilled  from  glass  vessels  leaves  a  residue  upon 
evaporation  in  a  platinnm  vessel  (see  experiment  No.  5),  and  is 
therefore  inapplicable  for  many  porpoeee ;  as,  for  instance,  for  the 
determination  of  the  ezaet  degree  of  solubility  of  sparingly  soluble 
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subfitancee.    For  certain  uses  it  is  neoeseary  to  free  the  water  hy 
ebullition  from  atmoBpheric  air  and  carbonic  acid. 

2.  Alcohol  (see  "  QuaL  Anal."). 

a.  Abeolate  alcohol,    b.  Common  alcohol  of  various  d^reea  of 
strengtlL 

3.  Ethsb. 

The  application  of  ether  aa  a  solvent  is  very  limited.  It  ia 
more  frequently  nscd  mixed  with  alcohol,  in  order  to  dinuDish  the 
solvent  power  of  tlie  latter  for  certain  substances,  e.ff.,  ammoniam 
pUtiaic  chloride.  The  ordinary  ether  of  the  shops  will  answer  the 
purpose. 

4.  Cakbon  DisuLPHinE  (see  "  QaaL  Anal."). 

n.    ACIDS  AND  HALOaSNa 

■    a,  Ovygen  Aeidt. 

§57. 

1.  SuLPBUBio  Acm. 

a.  Concentrated  sulphuric  acid  of  the  shops. 
h.  Concentrated  pure  snlphnrio  acid. 
c.  Dilute  Bulphnric  acid. 
See  "Qnal.  Anal." 

2.  NiTBio  Aom. 

a.  Pure  nitric  acid  of  1'2  sp.  gr.  (see  "  Qnal.  Anal."). 

h.  Bed  fmning  nitric  acid  (concentrated  nitric  add  containing 
BO  me  hyponitric  acid). 

Preparation. — Two  parts  of  pure,  dry  potassium  nitrate  are 
introduced  into  a  capaciouB  retort,  and  one  part  of  concentrated 
sulphuric  acid  is  added  either  through  the  tubnlure  of  the  retort, 
or  if  a  common  non-tnbniated  one  is  osed,  throngh  the  neck  by 
means  of  a  long  funnel-tube  bent  at  the  lower  end,  carefully  avoid- 
ing soiling  the  neck  of  the  retort.  The  latter  being  put  into  a  ves- 
sel filled  with  sand,  or,  better  still,  with  iron  tnminga,  is  then  con- 
nected with  a  receiver,  but  not  quite  air-tight.  The  distillation  is 
conducted  at  a  gradually  increased  heat,  and  carried  to  dryness. 
The  cooling  of  the  receiver  must  be  properly  attended  to  during 
the  distillation.     In  the  preparation  of  small  quantities,  the  retort 
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is  placed  on  a  piece  of  wire-gauze,  aud  heated  with  charcoal ;  in 
this  proceB9  it  is  always  advisable  to  coat  the  retort  hy  repeated 
application  of  a  thin  paste  made  of  clay  and  water;  a  little  borax 
or  sodium  carbonate  should  be  added  to  the  water  used  for  making 
the  paste. 

Teats. — Ked  ftuuing  nitric  acid  most  be  in  a  state  of  the  greatest 
.  possible  concentration,  and  perfectly  free  from  snlphnric  acid.  In 
order  to  detect  minute  traces  of  the  latter,  evaporate  a  few  c.  c.  of 
tiie  specimen  in  a  porcelain  dish  nearly  to  dryness,  dilute  the  resi- 
due with  water,  add  some  barium  chloride,  and  observe  whether  a 
precipitate  forms  on  standing. 

Uaea. — ^A  powerful  oxidizing  agent  and  solvent ;  it  serves  more 
especially  to  convert  sulphur  and  metallic  sulphides  into  sulphuric 
add  and  sulphates  respectively. 

3.  AoEnc  Acid  (see  "  Qual.  Anal."). 

4.  Tabtakio  Acid  (see  "  QnaL  AnaL"). 

b.  Hydrogen  Aoida  and  SdogetiB. 
§58. 
1.  Htdsochlobio  Acid, 

a.  Pare  hydrochloric  acid  of  1'12  sp.  gr.  (see  "Qoai.  Anal."). 

b.  Pure  fuming  hydrochloric  acid  of  about  1*18  sp.  gr. 

Pr^araHon. — As  in  "  Qnal.  Anal."  §  26,  with  this  modifica- 
tion, however,  that  only  3  or  4  parts  of  water,  instead  of  6,  are  put 
into  the  receiver,  to  4  parts  of  sodium  chloride  in  the  retort.  The 
fireatest  care  must  be  taken  to  keep  the  receiver  cool,  and  to  change 
it  as  soon  as  the  tube  t)irough  which  the  gas  is  conducted  into  it 
liegins  to  get  hot,  since  it  is  now  no  longer  hydrochloric  acid  gas 
which  passes  over,  but  an  aqueous  solution  of  the  gas,  in  form  of 
vapor,  which  would  simply  weaken  the  fuming  acid,  if  it  were 
allowed  to  mix  with  it. 

Tegta. — The  fuming  acid  must,  for  many  purposes,  be  perfectly 
free  from  chlorine  and  sulphurous  acid.  For  the  mode  of  testing 
for  these  impurities,  see  "  Qual  Anal."  loe,  cit.  Test  for  sulphuric 
acid  as  nnder  Nitric  Acid,  above. 

Uses, — Fuming  hydrochloric  acid  has  a  much  more  energetic 
action  than  the  dilute  acid ;  it  is,  therefore,  used  instead  of  the 
latter  in  cases  where  a  more  rapid  and  energetic  action  is  desirable. 
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3.  Htdbofluobio  Acm. 
This  ia  employed  for  the  decomposition  of  silicates  and  borates, 
sometimes  in  the  gaseous  form,  sometimes  in  the  condition  of 
aqneons  solution.  In  the  first  case,  the  substance  to  be  decomposed 
is  introduced  into  the  leaden  box,  in  which  the  bjdroflnonc  gas  is 
being  generated ;  in  the  latter  case,  we  must  first  prepare  tlie  aqne- 
oae  acid.  The  raw  material  employed  is  fluor  spar  or  kryolite 
(LuBOLDT*).  Both  are  first  finely  powdered,  and  then  treated  with 
concentrated  sulphmic  acid.  To  1  part  kryolite,  ^  parts  snlphnric 
add  are  nsed ;  to  1  part  finer  spar,  2  parts  snlphDric  acid  are 
used.  If  the  latter  is  employed,  allow  the  mixture  to  stand  in 
a  dry  place  for  several  days,  stirring  every  now  and  then,  so  that 
the  silicic  acid  (which  is  generally  contained  in  floor  spar)  may 
first  escape  in  the  form  of  llnosilicic  gas.  Convenient  distil- 
latory apparatus  have  been  described  by  Luboldt  (loe.  cit.)  and  by 
H,  BBiEOLBB.t  The  latter  commends  itself  especially  on  account 
of  its  relatively  small  cost.  It  consists  of  a  leaden  retort,  with  a 
movable  leaden  top,  which  can  be  luted  on.  The  receiver  belong- 
ing to  it  is  a  box  of  lead,  with  a  tubulnre  at  tho  side,  into  which 
the  neck  of  the  retort  jnst  enters.  The  cover  of  the  receiver  is 
raised  conical,  and  is  provided  at  the  top  with  an  exit  tube  of  lead. 
In  the  receiver  a  platinum  dish  containing  water  is  placed,  all 
joints  are  Inted,  and  the  retort  is  carefully  heated  in  a  sand-bath. 
The  aqueous  hydrofluoric  acid  found  at  the  end  of  the  operation  in 
the  platinum  dish  is  perfectly  pure.  The  small  quantity  of  impure 
hydrofluoric  acid  which  collects  on  the  bottom  of  the  receiver  is 
thrown  away.  The  hydrofluoric  acid  must  entirely  volatilize  when 
heated  in  a  platinum  dish  on  a  water-bath.  The  pure  acid  gives  no 
precipitate  when  neutralized  with  potash,  while  potassium  silico- 
flnoride  separates  if  the  acid  contains  hydrofluosilicic  acid.  The 
acid  ia  best  preserved  in  gutta-percha  bottles,  as  recommended  by 
Stadblkh,  The  greatest  caution  must  be  observed  in  preparing 
this  acid,  since,  whether  in  the  fluid  or  gaseous  condition,  it  is  one 
of  ihe  most  injurious  substances. 

3,  Chlobutb  Ann  Chlobine-watzb  (see  "  QnaL  AnaL"). 

4.  KrrBO-HTDBOCHLOBio  Acm  (see  "  Qual.  Anal."). 
6.  Htdbofloosiljcio  Acid  (see  "  Qual,  AnaL"). 

*  JoDTD.  fQr  prakt.  Chem.,  70,  SSO. 
t  AonaL  d.  Chem.  u.  Fharm.,  111.  880. 
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c.  Stdphv/r  Adda, 
\.  Htdbobulfedxio  Aom  (see  "  Qiial.  AnaL"). 


m.  BASES  AJ4D  BIETALS. 
a.  Oxygen  Bates  and  MetaU. 


a.  Alkali  Basea. 

1.    FoTAflBIUH   HtDBOXTOE  OB  P0TA8SA  AND  80DIDH  HtDBOZIDS  OB 

80DA  (see  "  Qnal.  AuaL"). 

All  the  four  sortsof  the  caustic  alkalies  mentioned  in  the  qnali* 
tative  part  are  required  in  quantitatiye  analysis,  viz.,  common  solu- 
tion of  soda,  potassa  purified  with  alcohol,  aolution  of  potassa  pre- 
pared with  barjta,  and  absolutely  pure  Boda.  Pure  solution  of 
potaesa  may  be  obtained  also  by  heating  to  redness  for  half  an  hour 
in  a  copper  crucible,  a  mixture  of  1  part  of  potassium  nitrate,  and 
3  or  3  parts  of  thin  sheet  copper  cat  into  small  piecea,  treating  the 
mass  with  water,  allowing  the  oxide  of  copper  to  sabeide  in  a  tall 
vessel,  and  removing  the  supernatant  dear  '  ^nid  by  means  of  a 
syphon  (Wohlkb).* 

2.  Abimonia  (see  "  QnaL  AnaL").       ,' 


;?.  Alkali-earth  Bates.  \ 
1.  Babtum  HTnEoxroB  ob  Baetta  (si 
3.  CALcmu  HTDBoxn>E  OB  Leub. 
Finely  divided  calcium  hydroxide  mix^ 
lime),  is  need  more  particularly  to  effect  t^ 
rinra,  &a,  fi-om  the  alkali  metals.    Milk^^ 
used  for  that  purpose  must,  of  course,  1: 
lies.     To  insure  this  the  slaked  lime  s,' 
by  repeated  boiling  with  frrah  qiia)i 
operation  is  conducted 
of  lime  so  prepared  is  k< 


*  Sodiom  hydroxtdo,  mBda  ^ 
In  iDTer  vessels,  is  to  bo  bad  c 
Kucliester,  England. 


••.sr,  well 
\ie  sola- 
s' most 
V)pre- 
\dit7. 
Vom 

\ 
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y.  Heavy  MetaZa,  and  their  Oxidsf. 
§  60. 
1.  Zko. 
Snc  ha£  of  late  been  much  used  ae  a  reagent  in  qnantitatiTe  uulj- 
BiB.     It  serves  more  especially  to  effect  the  reduction  of  ferric  to 
ferroofl  salts,  and  also  ttie  precipitation  of  copper  from  solntions  of 
its  salts.     Zinc  intended  to  be  nsed  for  the  former  purpose  mnst  be 
free  from  iron,  for  the  latter  free  from  lead,  copper,  and  other 
metals  which  remain  nndissolved  upon  treating  the  zinc  with  dilnte 
adds. 

To  procnre  zinc  which  leaves  no  reeidne  npon  eolation  in  dilnte 
Bnlphnric  acid,  there  is  commonlj  no  other  resource  bat  t«  re-distil 
the  commercial  article. 

This  is  effected  in  a  retort  made  of  the  material  of  Hessian  or 
black-lead  cmcibles.  The  operation  is  conducted  in  a  wind-fomace 
with  good  draught.  The  neck  of  the  retort  must  hang  down  as 
perpendicniar  as  possible.  Under  the  neck  is  placed  a  basin  or 
small  tub,  filled  with  water.  The  distillation  begins  as  soon  as  the 
retort  is  at  a  bright  red  heat.  As  the  neck  of  the  retort  is  very 
liable  to  become  choked  np  with  zinc,  or  oxide  of  zinc,  it  is  necee- 
eary  to  keep  it  constantly  free  by  means  of  a  pip&«tem.  The  zinc 
obtained  by  tliis  redistillation  is  nearly  or  quite  free  from  lead. 

Testa. — The  following  is  the  eimpleet  way  of  testing  the  pnrity 

of  zinc :  dissolve  the  metal  in  dilnte  sulphuric  acid  in  a  smalt  flask 

provided  with  a  gas-evolation  tube,  place  the  outer  limb  of  the  tube 

under  water,  and  when  the  solution  is  completed,  let  the  water 

entirely  or  partly  recede  into  the  flask ;  after  cooling,  add  to  the 

preidj  drop  by  drop,  a  gufliciently  dilute  solution  of  potaesinm  per- 

fluoride  ate.    If  a  drop  of  that  solution  imparts  the  same  i-ed  tint 

acid  is  bet<;  solution  as  to  an  eqnal  volnme  of  water,  the  zinc  may  be 

Stadeleb.  jfree  from  iron.    I  prefer  this  way  of  testing  the  purity 

this  acid,  bV  'her  methods,  as  it  affords,  at  the  same  time,  an  ap- 

of  the  looBf        '  the  zinc  has  been  weighed,  and  the  pennanganate 

3    (f  that  case,  must  be  considerably  diluted)  measured, 

i    '  ise  knowledge  of  the  quantity  of  iron  present. 

K  i>---""'"~^,  these  metals  remain  undissolved 

. -  '^-pi'^ 

or  acetate  with  ammoninm  ear- 
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botmte,  wash  ihe  preeipitRte,  dry,  and  ignite  gently  to  complete 
decompoeition. 

Lead  oxide  is  often  oaed  to  fix  an  add,  so  that  it  is  not  expelled 
even  hj  a  red  lieat. 

h.  Su^fnir  Baaea. 

1.  AuHONiDH  SuLPHiDB  (seo  "QoaL  AnaL")- 

We  require  both  the  colorleee  monoeolphide,  and  Uie  yellow 
polysnlphide. 

2.  Sonrnu  SuLPams  (see  "  QnaL  AnaL"). 

IT.  BA1T& 

a.  Salts  cf  the  AlixUies. 

§61- 

1.  PoTASSnn*  Sttiphatb  (see  "  Qoal  AnaL"). 

2.  Amuonidu  Oxai^tb  (see  "  QnaL  AnaL"). 

3.  SoDiof  AoETATB  (soe  "  Qnal.  AnaL"). 

4.  AMHOmDK   SUOOINATB. 

Prgxiration. — Saturate  snccinio  acid,  whidi  has  been  porified 
by  dissolving  in  nitric  acid  and  recryetallizing,  with  dilute  ammo- 
nia. The  reaction  of  the  new  componnd  should  be  ra£her  slightly 
alkaline  than  acid. 

Umb, — This  reagent  serves  occasionally  to  separate  ferric  iron 
from  other  metala. 

5.  SoDiuu  Cabbonats  (see  "  QnaL  AnaL"). 

This  reagent  is  required  both  in  solution  and  in  pure  crystals ; 
in  the  latter  form  to  neutralize  an  excess  of  acid  in  a  fluid  which 
it  i»  deeurable  not  to  dilute  too  much. 

6.  Ahmosidu  CAXBoaATB  (see  "  Qnal.  AnaL"). 

7.  SoDira  Hybboges  Sdlphite  (see  "  Qnal.  Anal."). 

8.  SoDiUH  THiosm.PHA'rai  (HTPOBnuHTrB),  N^,0^ 

This  salt  occnrs  in  commerce.  It  should  be  dry,  clear,  well 
crystallized,  completely  and  with  ease  soluble  in  water.  The  solu- 
tion must  give  with  silver  nitrate  at  first  a  white  precipitate,  must 
not  effervesce  with  acetic  acid,  and  when  addi&ed  must  give  no  pre- 
cipitate with  barium  chloride,  or  at  most,  only  a  slight  turbidity. 
The  acidified  solution  must,  after  a  short  time,  become  milky  from 
separation  of  sulphur. 
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Uses. — Sodinm  thioenlphate  ia  used  for  the  precipitation  of 
several  metals,  as  snlphidea,  particularly  in  separations,  for  instanee^ 
of  copper  from  zinc ;  it  also  eervee  as  solvent  for  several  salts  (sil- 
ver chloride,  calcinm  solpliate,  &a)  ;  lastly,  it  is  employed  in  volu- 
metric analyEOs,  its  Qse  here  depending  on  the  reaction  2(Na^,OJ 
-f2l=aNaI  +  Na,S.O^ 

9.  PoTASBimi  NiTBiTB  (see  "  QnaL  AnaL'*). 

10.  FoTABBiuu  DicHBOiUTB  (seo  "  Qiial.  Anal."). 

11.  AioioNimt  MoLYBDATB  (sec  "  QoaL  AnaL"). 

12.  AuuoNiru  Chlobidk  (see  "  Qnal.  AnaL"). 

13.  Potassium  Ctahide  (see  "  Qual.  AnaL"). 

b.  SaUf  of  ike  Alkali-earth  MetaU. 


1.  Babiuu  Ghlobidb  (see  "  Qoal.  AnaL"). 

The  following  process  gives  a  very  pure  barium  chloride,  free 
from  calcium  and  strontiam : — Transmit  through  a  concentrated 
solution  of  impure  barium  chloride  hydrochloric  gaa,  aa  long  as  a 
precipitate  continues  to  form.  Nearly  the  whole  of  the  barium 
chloride  present  is  by  this  means  separated  from  the  solution,  in 
form  of  a  crystalline  powder.  Collect  this  on  a  filter,  let  the 
adhering  liquid  drain  off,  wash  the  powder  repeatedly  with  small 
quantities  of  pure  hydi'ochloric  acid,  until  a  sample  of  the  wash- 
ings, diluted  with  water,  and  precipitated  with  enlphuric  acid, 
gives  a  filtrate  which,  upon  evaporation  iu  a  platinum  dish,  leaves 
no  residue.  Tlie  hydrochloric  mother-liquor  serves  to  dissolve 
fresh  portions  of  witherite.  I  make  use  of  the  barium  chloride  so 
obtained,  principally  for  the  preparation  of  perfectly  pure  barium  - 
carbonate,  which  is  often  required  in  quantitative  analyses. 

2.  Babith  Acettate. 

Preparation. — Dissolve  pure  barium  carbonate  in  moderately 
dilate  acetic  acid,  filter,  and  evaporate  to  crystallization. 

Tefia. — Dilute  solution  of  barium  acetate  most  not  he  rendered 
tnrbid  by  solution  of  silver  nitrate.  See  also  "  Qnal.  Anal.,"  Barivvn 
chloride,  the  same  tests  being  also  used  to  ascertain  the  puri^  of 
the  acetate. 

Usee. — Barium  acetate  ts  need  instead  of  barium  chloride,  to 
effect  the  precipitation  of  sulphuric  acid,  in  cases  where  it  is  deeir- 
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able  to  avoid  the  introdnction  of  a  chloride  into  the  solntion,  oi 
to  oonTert  the  base  into  an  acetata  A£  the  reagent  m  eeld(Ha 
required,  it  is  best  kept  in  crystals. 

8.  Babiuh  Oasbonate  (see  "  QnaL  AnaL**). 

4.  Stbohtidh  Chlobtob. 
Pr^Kuraimn — Strontium  chloride  is  prepared  from  strontian- 
ite  or  celestine,  b;  the  same  proceeeea  as  bariam  chloride.     The 
pure  crystals  obtained  are  dissolved  in  alcohol  of  96  per  cent.,  the 
solution  is  filtered,  and  kept  for  nse. 

XJi^. — The  alcoholic  Bolation  of  strontium  chloride  is  used  to 
effect  the  conversion  of  alkali  sulphates  into  chlorides,  in  cases 
where  it  is  desirable  to  avpid  the  introduction  into  the  fluid  of  a 
salt  insoluble  in- alcohol 

6.  Oaloidh  Chloeide  (see  "  Qoal.  Anal."). 

3.  MAOiTB8inH  Chloride  ob  Maonesidu  Mixtubb. 
Dissolve  11  parts  crystallized  magnesinm  chloride  (MgCl,  -|-  6 
H,0)  and  28  parts  ammonium  chloride  in  130  parts  water,  add 
70  parts  dQate  ammonia  solation  (sp.  gr.  0*96).  Allow  the  mix- 
ture to  stand  one  of  two  days  and  filter.  This  solution,  commonly 
called  "  magnesia  mixture,"  is  used  to  precipitate  phosphoric  acid. 
An  excess  is  required  to  effect  complete  precipitation.  Prepared 
aa  here  described,  about  10  c.  e.  should  be  used  in  ordinary  cases 
for  eveiy  O'l  gramme  P,0,. 

A  solution  containing  the  same  per  cent,  (approximately)  of 
magnesium  chloride,  and  other  constituents  may  also  be  prepared 
from  common  calcined  magnesia  (MgO),  provided  it  is  free  from 
the  other  alkali-earth  metals,  as  follows: — Add  to  II  parts  magnesia 
.  sufficient  hydrochloric  acid  to  effect  solution,  next  add  a  slight  ex- 
cess of  magnesia  and  boil  to  separate  traces  of  iron ;  filter,  and  add 
140  parts  ammonium  chloride  and  350  parts  dilute  ammonia. 
Dilute  with  water  until  volume  equals  1000  c.  c  for  every  11 
grammes  of  UgO  used.  Allow  the  mixture  to  stand  two  or  three 
days,  and  filter  if  necessary. 

c.  SaUaofthe  Beam/  Metals. 
%  63. 

1.  Fbbbocb  Sulfbatz  (see  "QuaL  AnaL"). 

2.  Fbsbio  Ohlobidb  (see  "  QuaL  AnaL"). 
8.  TTkasio  Aobtats. 
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Heat  finely  powdered  pitchblende  with  dilute  nitric  acid,  filter 
the  fluid  from  the  undissolved  portion,  and  treat  the  filtrate  with 
hydrosulphuric  acid  to  remove  the  lead,  copper,  and  arseaic ;  filter 
again,  evaporate  to  dryness,  extract  tlie  residue  with  water,  and  fil- 
ter the  solution  from  the  oxides  of  iron,  cobalt,  and  manganese- 
Uranic  nitrate  crystallizes  from  the  filtrate ;  purify  this  by  recrys- 
tallization,  and  then  heat  the  crystals  until  a  small  portion  of  uranic 
oxide  is  reduced.  'Warm  the  yellowish-red  mass  thus  obtained 
with  acetic  acid,  filter  and  let  the  filtrate  crystalUze.  The  crystals 
are  uranic  acetate,  and  the  mother-liquor  contains  the  undecom- 
posed  nitrate  (Webthedi). 

Teatit. — Solution  of  nranic  acetate  after  acidification  with 
hydrochloric  acid  must  not  be  altered  by  hydrosulphuric  acid; 
ammonium  carbonate  must  produce  in  it  a  precipitate,  soluble  in  an 
excess  of  the  precipitant 

Uaes. — Uranic  acetate  may  serve,  in  many  oafies,  to  effect  the 
separation  and  determination  of  phosphoric  acid. 

4.  SiLVEE  NriKATE  (scc  "  Qual.  Anal."). 

6.  Lead  Acetate  (see  "  Qual.  AnaL"). 

6.  Meecuhio  Chlobtoe  (see  "  QaaL  Anal."). 

T.  Stahnous  Chlortoe  (see  "  Qual.  Anal.'^. 

8,  Platihic  Chlobede  (see  "  Qual.  Anal."). 

9.  SoniDH  Pallasio-Chlobide  (see  "  QuaL  Anal."). 


a     BEAQENTa  FOR  GRA  VIMETRIC  ANALYSIS  IN  TEE  DRY  WA  T. 
%  64. 

1.  Sodium  Carbonate,  pure  aubydrouB  (see  "  QnaL  AnaL"). 

2.  Mixed  Sodium  and  Potabsiuu  Cabbohateb  (see  "  Qu^. 
Anal."). 

,    3,  Babium  Htdeoxidk  oe  Babtta  (see  "  Qual.  AnaL"  and 
§59). 

4.  Potassium  Nftrate  (see  "  QuaL  Anal."). 

5.  SoDiDU  NmiATE  (see  "  Qual.  Anal."). 

6.  Borax  (fused). 

Preparation. — Heat  crystallized  borax  (see  "QnaL  Anal.)  in  a 
platinum  or  porcelain  dish,  until  there  is  no  further  intumeecenoe ; 
reduce  the  porous  mass  to  powder,  and  heat  this  in  a  platinum  cru- 
cible until  it  is  fused  to  a  transparent  mass.     Pour  the  semi-flnid, 
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TiGcid  mftes  opon  a  fragmeot  of  porcelain.  A  better  waj  is  to  fose 
the  bonu;  in  a  net  of  platinam  gauze,  by  making  the  gas  blowpipe- 
flame  act  upon  it  Tbe  drops  are  collected  in  a  platinum  dieh. 
The  vitrified  borax  obtained  iB  kept  in  a  well-etoppered  bottle. 
Bnt  as  it  is  always  necessary  to  heat  the  vitrified  borax  previous  to 
nee,  to  make  quite  Bore  that  it  is  perfectly  anhydrous,  the  best  way 
is  to  prepare  it  only  when  required. 

Uses. — Vitrified  borax  is  used  to  effect  the  expulsion  of  car- 
bonic add  and  other  volatile  acids,  at  a  red  heat 

7.  POTASSIDH   D1BULPBA.TB. 

Preparation. — Mix  87  parts  of  normal  potaesinm  sulphate  (see 
**  Qoal.  AnaL"),  in  a  platinum  crudble,  witii  49  parts  of  concen- 
trated pare  Bolphnric  acid,  and  heat  to  gentle  redness  until  the  maee 
is  in  a  state  of  uniform  and  limpid  fnsion.  Four  tbe  fused  salt  on 
a  fragment  of  porcelain,  or  into  a  platinum  dish  standing  in  cold 
water.  After  cooling,  break  tlie  mass  into  pieces,  and  keep  for 
use.* 

Uses. — ^Tbis  reagent  serves  as  a  finx  for  certain  native  com- 
pounds  of  alumina  and  chromic  oxide.  Potaesiam  disniphate  is 
nsed  also,  as  we  have  already  bad  occasion  to  state,  for  the  cleansing 
of  platinum  crucibles;  for  this  latter  purpose,  however,  the  salt 
wbicli  is  obtained  in  the  preparation  of  nitric  acid  will  be  found 
sufficiently  pure. 

8.  AiraomnH  Carbonate  (solid). 

Pr^Ktration. — See  "  Qual.  Anal." — This  reagent  serves  to  con- 
vert the  acid  alkali  sulphates  into  normal  salts.  It  must  com- 
pletely volatilize  when  heated  in  a  platinum  didh 

9.  Ahmoniuu  NrrsATB. 

Preparation. — Neutralize  pure  ammonium  carbonate  with  pure 
nitric  acid,  warm,  and  add  ammonia  to  slightly  alkaline  reaction ; 
filter,  if  necessary,  and  let  the  filtrate  crystallize.  Fuse  the  crys- 
tals in  a  platinum  dish,  and  pour  the  fused  mass  upon  a  piece  of 
porcelain ;  break  into  pieces  whilst  still  warm,  and  keep  in  a  well- 
etoppered  bottle. 

Tests. — Ammonium  nitrate  must  leave  no  residue  when  heated 
in  a  platinum  dish. 


*  [J.  Lftwrence  Smith  advises  the  use  of  aodium  dirolphate  for  fluxing  alaaii- 
BDiw  compounds,  as  the  fused  mass  ia  much  more  readily  soluble  in  water.] 
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Uset. — Ammonitim  nitrate  eervee  as  ui  ozidiziDg  agent;  for 
instance,  to  convert  lead  into  lead  oxide,  or  to  effect  the  com- 
buBtion  of  carbou,  in  oases  where  it  is  desired  to  avoid  the  nae  of 
fixed  salt»- 

10.  Aioionniu  Chlobidb. 
Prffparation  and  Teeta. — See  "  Qiial.  Anal.** 

Uaeg, — Ammonium  chloride  is  often  osed  to  convert  metallic 
oxides  and  acids,  e,g.,  lead  oxide,  zinc  oxide,  etannic  oxide,  anenie 
acid,  antimomc  acid,  &c.,  into  chlorides  (ammonia  and  water  escape 
in  the  process).  Many  metallic  chlorides  being  volatile,  and  others 
volatilizing  in  presence  of  ammonium  chloride  fumes,  thej  may  be 
completely  removed  by  igniting  them  with  ammonium  chloride  in 
excess,  and  thus  many  compounds,  e.g.,  alkali  antimooates,  may 
be  easily  and  expeditiously  analyzed.  Ammonium  chloride  is 
also  used  to  convert  various  salts  of  other  acids  into  chlorides,  e,g^ 
small  quantities  of  alkah  sulphates. 

11.  Hydbooek  Gas. 

Preparation. — Hydrogen  gas  is  evolved  when  dilute  sulphuric 
acid  is  added  to  granulated  zinc.  It  may  be  purified  from  traces 
of  foreign  gases  either  by  passing  first  through  mercuric  chloride 
solatioD,  then  through  potash  solution,  or  as  recommended  by 
Stenhouse,  by  passing  throngh  a  tnbe  filled  with  pieces  of  char- 
coal. If  the  gas  is  desired  dry,  pass  through  sulphuric  acid  or  a 
calcium  chloride  tube. 

Testa. — Pnre  hydrogen  gas  is  inodorous.  It  ought  to  bum  with 
a  colorless  fiame,  which,  when  cooled  by  depressing  a  porcelain 
dish  upon  it,  must  deposit  nothing  on  the  surface  of  the  dish  except 
pnre  water  (free  from  acid  reaction). 

Uses. — Hydrogen  gas  is  frequently  used,  in  quantitative  analy- 
sis, to  reduce  oxides,  chlorides,  sulphides,  &c.,  to  the  metallic  state. 

12.  Celobikb. 

Preparation — See  "  Qnal.  AnaL" — Chlorine  gas  is  purified  and 
dried  by  transmitting  it  through  concentrated  sulphuric  acid,  or  a 
calcinm  chloride  tube. 

Uses. — Chlorine  gas  serves  principally  to  produce  chlorides, 
and  to  separate  the  volatile  from  the  non- volatile  chlorides ;  it  is 
also  used  to  displace  and  indirectly  detemune  bromiue  and  iodine. 
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0.  SBAQmfTB  U8ED  IN  VOLUMETRIC  ANALTBIE 

§65. 

Under  this  head  are  arranged  the  moat  important  of  those 
enbatanees,  which  serve  for  the  preparation  and  testing  of  the 
fluids  reqnired  in  volumetric  aniJjBis,  and  have  not  been  given 
»tih  A  and  B. 

1.  Fdbb  Cbtstallizkd  Oxalic  Aoid,  H,C,0,  +  2H,0. 
The  introdnction  of  crystallized  os^io  acid  as  a  basis  for  alkali- 
metry and  acidimetry  -is  due  to  Fb.  Mohe.  It  is  also  employed  to 
determine  the  strength  of,  or  to  atandardi.se,  a  solution  of  potas- 
sium permanganate,  1  molecule  of  potaesium  permanganate  being 
required,  in  the  prraence  of  free  enlpharic  acid,  to  convert  6  mole 
cnles  of  oxalic  acid  into  carbon  dioxide  and  water  ( KJtf n,0,  + 
5H.C.O.  +  3H^0,  =  K,SO,  +  2MnS0.  +  8H,0  +  lOCX),). 
We  use  in  most  cases  the  pure  cryBtallized  acid  which  has  the 
formula  H,C,0,  +  2H,0,  and  of  which  the  molcealar  weight  is 
accordingly  126. 

Preparation. — See  "  Qual,  Anal.,"  under  Ammonium  Oxalate. 

Te^. — The  crystals  of  oxalic  acid  must  not  show  the  least  sign 
of  efflorescence  (to  which  they  are  liable  even  at  20°  in  a  dry 
atmosphere);  they  must  dissolve  in  water  to  a  perfectly  clear  fluid; 
-when  heated  in  a  platinnm  dish,  they  must  leave  no  fixed  and 
jncombustible  residue  (calcium  carbonate,  potassium  carbonate, 
Ac.),  If  the  acid  obtained  by  a  first  crystallization  fails  to  satisfy 
these  requirements,  it  must  be  recrystallized. 

2.  TlNtTTCRE  OF  LrrMiis. 

Preparation. — Digest  1  part  of  litmus  of  commerce  with  6 
parts  of  water,  on  the  water-bath,  for  some  time,  filter,  divide  the 
blue  flnid  into  2  portions,  and  saturate  in  one  half  the  free  alkali, 
by  stirring  repeatedly  with  a  glass  rod  dipped  in  very  dilute  nitric 
acid,  until  the  color  just  appears  red ;  add  the  remaining  blue  half, 
together  with  1  part  of  strong  spirit  of  wine,  and  keep  the  tincture 
which  is  now  ready  for  use,  in  a  small  open  bottle,  not  quite  full, 
in  a  place  protected  from  dust  In  a  stoppered  bottle  the  tincture 
■would  speedily  lose  color. 

Tests. — Litmus  tincture  is  tested  by  coloring  with  about  100 
cubic  centimetres  of  water  distinctly  blue,  dividing  the  fluid  into 


by  Google 


118  UEAGEirrs.  [§  65. 

two  portione,  and  adding  to  the  one  the  least  quantity  of  a  dilate 
acid,  to  the  other  a  trace  of  Bolntion  of  eoda.    If  the  one  portion 
acquires  a  distinct  red,  the  other  a  distinct  blue  tint,  the  litmus 
tincture  ig  fit  for  use,  as  neither  acid  nor  alkali  predominatee. 
S.  Potassium  Pkkmanoamatk. 

Pr^araticn. — Mix  8  parts  of  very  finely  powdered  pure  pyro- 
Insite,  or  manganese  binoxide,  with  7  parts  of  potassium  chlorate, 
put  the  mixture  into  a  shallow  cast-iron  put,  and  add  37  parts  of  a 
Bolntion  of  potaasa  of  1*27  specific  gravity  (the  same  solution  as 
is  used  in  organio  analysii  *) ;  evaporate  to  dryness,  stirring  the 
mixture  during  the  operation ;  pnt  the  rcsidne  before  it  has  ab- 
sorbed moisture,  into  an  iron  or  Hessian  crucible,  and  expose  to  a 
dnll-red  heat,  with  &«qaeut  stirring  with  an  iron  rod  or  iron  spa- 
tula, until  no  more  aqueous  vapors  escape  and  the  mass  is  in  a  faint 
glow.  Itemove  the  crucible  now  from  the  fire,  and  transfer  the 
friable  mass  to  an  iron  pot.  Kednoe  to  coarse  powder,  and  transfer  ' 
this,  in  small  portions  at  a  time,  to  an  iron  vessel  containing  100 
parts  of  boiling  water  j  keep  boiling,  replacing  the  evaporating 
water,  and  passing  a  stream  of  carbon  dioxide  through  the  fluid 
(MuLDKEf).  The  oripnally  dark-green  solution  of  potas^nm 
manganate  soon  changes,  with  separation  of  hydrated  manganese 
binoxide,  to  the  deep  violet^red  of  the  permanganate.  "When  it  is 
considered  that  the  conversion  is  complete,  allow  to  settle,  take 
out  a  small  quantity  of  the  clear  liquid,  boil  and  pass  carbon 
dioxide  through  it.  If  a  precipitate  forms,  the  conversion  is  not 
yet  complete. 

The  solution  may  be  filtered  through  gun-cotton.  Evaporate, 
crystallize,  and  dry  the  crystals  on  a  porous  tile. 

The  pure  salt  is  now  to  be  obtained  in  commerce. 
4.  Ahmonidm  Fkbbods  Sulphate. 

FeSO,.(NH.),SO,  +  6H.0. 

Fs.  MoHB  has  proposed  to  employ  this  double  salt,  which  is  not 
liable  to  efiilorescence  and  oxidation,  as  an  agent  to  determine  the 
strength  of  the  permanganate  solution. 

Preparation. — Take  two  equal   portions  of  dilate   sulphnrio 

*0r  ioatcadof  theBolution, usclOpartsof  tbe h^drozide EOH.    lotbiacaM 
fuse  the  potash  and  the  chlorate  togetber  first,  and  then  project  the  n 
into  the  crucible. 

t  Jahresberlcht  tod  Eopp  uod  Will,  1856,  581. 
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acid,  and  warm  the  one  with  a  moderate  excess  of  small  iroa 
naiU  free  from  mst,  until  the  evolutioD  of  hydrogen  gas  has  alto- 
gether or  very  nearly  ceased ;  neutralize  the  other  portion  exactly 
with  ammoninm  carbonate,  and  then  add  to  it  a  few  drops  of  dilute 
Hulphnric  acid.  Filter  the  solntioo  of  the  ferroos  sulphate  into  that 
of  the  ammoninm  enlpbate,  evaporate  the  miztnre  a  little,  if  neces- 
eary,  and  then  allow  the  salt  to  crystallize.  Let  the  crystals,  which 
are  hard  and  of  a  pale^green  color,  drain  in  a  funnel,  then  wash 
them  in  a  little  water,  dry  tboronghly  on  blotting-paper  in  the  air, 
and  keep  for  nse. 

The  molecular  weight  of  the  salt  (392)  is  exactly  7  times  the 
atomic  weight  of  iron  (56).  The  solntion  of  the  salt  in  water 
which  has  heen  just  acidified  with  sulphuric  acid  most  not  become 
red  OD  the  addition  of  potassium  sulphoeyanate. 

6.  Aiqionia-Ibon-Aldu. 

(NH,)^0,-Fe.(SO.).  +  24H.O. 

Preparation. — Bring  into  a  targe  porcelain  dish  68  grma.  of 
pure  crystallized  ferrous  sulphate  (see  Freeenius'  "QnaL  Anal." 
Am.  ed.,  p.  73),  together  with  a  quantity  of  oil  of  vitriol  equiva- 
lent to  8-3  grms.  of  sulphuric  anhydride  (SO.),  (see  Table,  §  191). 
Heat  upon  a  sand-hath,  adding  nitric  acid  from  time  to  time,  in  • 
small  portions,  antil  the  iron  has  all  passed  into  ferric  sulphate,  or 
BDtil  a  drop  of  the  solution  gives  do  blae  coloration  with  potassimn 
ferricyanide.  Heat  farther,  and  evaporate  until  the  excess  of 
nitric  acid  is  expelled,  then  add  14  grms.  of  ammonium  sulphate,* 
and,  if  need  be,  Iiot  water  sufficient  to  bring  the  salt  into  solution ; 
filter  into  a  porcelain  capsnte  and  set  aside,  nnder  cover,  to  crys- 
tallize. 

The  iron-alum  separatee  in  cubo-octahedrons,  which  may  be  yel- 
lowish, lilac,  or  colorless.  If  dai*k  in  color,  dissolve  in  warm  water, 
add  a  few  drops  of  oil  of  vitriol,  and  crystallize  again.  Binse  the 
pale  or  colorless  crystals,  after  separation  from  the  mother-liquor, 
with  cold  water,  wrap  up  closely  in  filter  paper,  and  allow  them  to. 
dry  at  the  ordinary  temperature.f 

*If  not  on  band,  tfaUult  maybe  prepared  by  caturating  oil  of  vitriol 'wlth' 
■mmonlam  carbonaU  and  evaporating  to  diynesfl.  80  grammea  of  oil  of  vitriol, 
^re  Bomewhat  more  than  la  required  above. 

f  Examlna^ons  of  Iroo-aJum  thu«  prepared  show  tbat  the  varlatioiis4B.tlM. 
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The  yield  Bhoold  be  about  80  grma.  The  diy  salt  should 
be  pulverized,  pressed  between  folds  of  paper  ontil  freed  from 
mechanically  adhering  water,  and  preserved  in  a  well-etoppered 
bottle. 

Osea. — Ammonia-iron-alnm  furnishes  the  beet  means  of  obtain- 
ing a  definite  quantity  of  iron  in  a  ferric  salt  for  making  standard 
solutions,  being  easily  obtained  pure  and  inalterable  if  kept 
away  from  aoid  vapors.  Its  purity  may  be  readily  controlled  by 
ascertaining  the  loss  on  careful  ignition,  which  should  leave  a  reei- 
dae  of  16-6  per  cent,  of  ferric  oxide  of  iron,  corresponding  to  11*63 
per  cent,  of  metallic  iron. 
6.  Pubic  Iodine. 

Preparatum. — Triturate  iodine  of  commerce  with  J  part  of  its 
weight  of  potassium  iodide,  dry  the  mass  in  a  lai^  watcli^lass  with 
ground  rim,  warm  this  gently  on  a  sand-bath,  or  on  an  iron  plate, 
and  as  soon  as  violet  fumes  begin  to  escape,  cover  it  with  another 
watcb^lasB  of  the  same  size.  Continne  the  application  of  heat 
nntil  all  the  iodine  is  sublimed,  and  keep  In  a  well-cloeed  glass 
bottle.  The  chlorine  or  bromine,  which  is  often  found  in  iodine 
of  commerce,  combines,  in  this  process,  with  the  potassium,  and 
remains  in  the  lower  'watch-glass,  together  with  the  excess  of 
potassium  iodide. 

Teats. — Iodine  parifiedby  the  process  just  now  described,  must 
leave  no  fixed  reeidne  when  heated  on  a  watch-glass.  But,  even 
supposing  it  shoald  leave  a  trace  on  the  glass,  it  would  be  of  no 
great  consequence,  as  the  small  portion  intended  for  use  has  to  be 
resnblimed  immediately  before  weighing. 

color  of  the  salt,  from  colorlew  to  rose,  are  not  connected  with  appredable 
difference*  of  cotnpoaltioD. 

J.  H.  Qrove,  of  the  SbefOeld  Laboratory,  obt^ed  the  foUorring  results  in  the 
flxamloation  of  tuDm<Nila-iroii-&luia  crystals,  the  ferric  ozlde  being  Mtimated  by 
Ixnltton:— 

Fe,0, 
i     1609 


in        ] 

18-55 

16-68 

1658 

8d 

16-67 

4th 

16-57 

Sth 

10-58 

«.          j 

leso 
ie-5« 

CWculated 

ie«) 
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TTsea. — Pare  iodine  ie  used  to  detennine  the  amonnt  of  iodine 
oontained  in  the  eolation  of  iodine  in  potaSBiam  iodide,  employed 
in  many  Tolcmetric  procesees. 

7.  PoTAseniM  Iodide. 

Small  quantities  of  this  article  may  be  procnred  cheaper  in 
commerce  than  prepared  in  the  laboratory.  For  the  preparation  of 
potassium  iodide  intended  for  analytical  purposes  I  recommend 
Baup'b  method,  improved  by  Fbedebeino,  hecanfie  the  product 
obtained  by  this  process  is  free  from  iodic  acid. 

Te«t8.—Y\xi  a  sample  of  the  salt  in  dilate  snlphnric  acid.  If 
the  iodide  is  pure,  it  will  dissolve  without  coloring  the  fluid ;  bnt 
if  it  contain  potassium  iodate,  the  fluid  will  acquire  a  brown  tint, 
from  the  presence  of  free  iodine,  the  sulphuric  acid  setting  free  iodic 
and  hydriodic  acids  which  react  on  each  other  (HIO,+  (HI),  = 
(H,0),  -f- 1,)  with  liberation  of  iodine  which  remains  in  solution. 
Mix  the  eolation  of  another  sample  with  silver  nitrate,  as  long  as 

6  precipitate  continues  to  form ;  add  solution  of  ammonia  in  excess, 
shake  the  mixture,  fllter,  and  supersaturate  the  filtrate  with  nitric 
acid.  The  formation  of  a  white,  curdy  precipitate  indicates  the 
presence  of  chloride  in  the  potassium  iodide.  Presence  of  potaseiom 
sulphate  is  detected  by  means  of  solution  of  barium  chloride, 
with  addition  of  some  hydrochloric  acid. 

Uses, — Potassinm  iodide  is  used  as  a  solvent  for  iodine  in  the 
preparation  of  standard  solutions  of  iodine ;  it  is  employed  also  to 
^leorb  free  chlorine.  In  the  latter  case  every  atom  of  chlorine  lib- 
erates an  atom  of  iodine,  which  is  retained  in  solution  by  the  agency 
of  the  excess  of  potassium  iodide.  The  potassium  iodide  intended 
for  these  uses  must  be  free  from  potassium  iodate  and  carbonate; 
the  presence  of  trifling  traces  of  potaseium  chloride  or  potassium 
solphate  is  of  no  consequence. 

8.  ABSEKions  Oxide  (As,0,). 

The  arseitioiis  oxide  sold  in  the  shops  in  large  pieces,  externally 
opaque,  bnt  often  still  vitreous  within,  is  generally  quite  pure. 
The  parity  of  the  article  is  tested  by  moderately  heating  it  in  a 
glass  tube,  open  at  both  ends,  through  which  a  feeble  current  of 
air  is  transmitted.  Pure  arsenious  oxide  must  completely  volatilize 
in  this  process ;  no  residue  must  be  left  in  the  tube  upon  the 
expulsion  of  the  sublimate  from  it.  If  a  non-volatile  residue  is  left 
which,  when  heated  in  a  current  of  hydrogen  gas,  turns  black,  the 
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arBenioos  oxide  contains  antimoDy  teroxide,  and  is  unfit  for  oae  in 
analytical  procesaes.  Diseolve  abont  10  grms.  of  the  arsemoos 
oxide  to  be  tested  in  soda,  and  add  1 — 3  drops  lead  acetate.  If  a 
browniBh  color  is  produced,  the  arsenione  oxide  contains  arsenioog 
sulphide  and  cannot  be  nsed.  Arsenions  oxide  dissolreB  in  a 
eolation  of  sodium  carbonate  forming  sodium  areeuite  which  is 
used  to  determine  bypochJoronB  acid,  free  chlorine,  iodine,  &a. 

9.  Sodium  Chlobide. 

Perfectly  pare  rock-aalt  is  best  suited  for  analytical  purpoees. 
It  must  dissolve  in  water  to  a  dear  fluid ;  ammoninm  oxalate,  sodium 
phosphate,  and  barium  chloride  must  not  trouble  the  solution. 
Pure  sodium  chloride  may  be  prepared  also  by  MABorEBnTB*B 
process,  viz.,  conduct  into  a  concentrated  solntion  of  common  salt 
hydrochloric  gas  to  saturation,  collect  the  small  crystals  of  sodinm 
chloride  which  separate  on  a  funnel,  let  them  thoroughly  drain, 
wash  with  hydrochloric  acid,  uid  dry  the  sodium  chloride  finally 
in  a  porcelain  dish,  until  the  hydrochloric  acid  adhering  to  it  has 
completely  evaporated.  The  mother-liquor  contains  the  small 
quantities  of  calcium  sulphate,  magnesium  chloride,  &c,  originally 
present  in  the  salt. 

fises. — Sodinm  chloride  serves  as  a  volametrie  precipitating 
■gent  in  the  determination  of  silver,  and  also  to  determine  the 
strength  of  solutions  of  silver  intended  for  the  estimation  of  chlo- 
rine. We  UBually  fuse  it  before  weighing.  The  operation  must 
be  conducted  with  caution,  and  must  not  be  continued  longer  than 
necessaiy ;  for  if  the  gas-flame  acts  on  the  salt,  hydrochloric  acid 
escapes,  while  sodium  carbonate  is  formed. 

10.  Metallic  Su-ver. 

The  silver  obtained  by  the  proper  reduction  of  the  pure  chlo- 
ride of  the  metal  alone  can  be  called  chemically  pure.  The  silver 
precipitated  by  copper  is  never  absolutely  pure,  but  contains  gener- 
ally abont  YnW  °^  copper. 

Chemically  pure  diver  is  only  used  in  small  quantity  to  prepare 
the  dilute  solution  employed  for  the  determination  of  silver.  The 
solution  of  silver  required  for  the  estimation  of  chlorine  need  not 
be  made  with  absolutely  pure  silver,  as  the  strength  of  this  solu- 
tion had  always  best  be  determined  qft^  the  preparation,  by  means 
of  pure  sodium  chloride. 
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J>.    aEA0B2fTS  USED  IN  ORaAJflO  AXALTSia. 


1.   CUPBIO  OxiDB. 

Pr^^aUon. — Stir  pure*  copper  scales  (whicli  should  first  be 
i^ited  in  a  mnfSe)  with  pare  nitric  acid  in  a  porcelain  dish  to  a 
thick  paste  ;  after  the  effervescence  has  ceased,  heat  gently  on  the 
sand-bath  antil  the  mass  is  perfectly  dry.  Transfer  the  green  basic 
salt  produced  to  a  Hessian  crucible,  and  heat  to  amoderate  redness, 
until  no  more  fames  of  byponitric  acid  escape ;  this  may  be  known 
by  the  smell,  or  by  introducing  a  email  portion  of  the  mass  into  a 
teet  tabe,  closing  the  latter  with  the  tinger,  heating  to  redness,  and 
then  looking  tbrongh  the  tube  lengthways.  The  uniform  decom- 
position of  the  salt  in  the  crucible  may  be  promoted  by  stirring 
the  mass  from  time  to  time  with  a  hot  glass  rod.  When  the  cm<»- 
ble  has  cooled  a  little,  reduce  the  mass,  which  now  coDsista  of  pnre 
enpric  oxide,  to  a  tolerably  fine  powder,  by  tritnrating  it  in  a  brass 
or  porcelain  mortar ;  pass  through  a  metal  sieve,  and  keep  in  a 
well-stoppered  bottle  for  use.  It  is  always  advisable  to  leave  a 
small  portion  of  the  oxide  in  the  crucible,  and  to  expose  this  again 
to  an  intense  red  heat.  This  agglutinated  portion  is  not  pounded, 
but  simply  broken  into  small  fragments. 

Another  miethod  is  to  dissolve  pure  copper  in  pure  nitric  acid, 
evaporate  to  dryness  in  a  porcelain  dish,  ignite  the  copper  nitrate 
khns  obtained  in  a  Hessian  crucible  until  no  fames  arise  on  stirring 
the  top  of  the  mass  with  a  rod.  A  portion  in  the  bottom  of  the 
cmdble  will  be  sintered  if  a  proper  heat  has  been  applied,  while 
the  npper  part  will  be  pulverulent.  Treat  the  sintered  portion  as 
above,  and  reserve  each  separately.  This  method  givee  a  reliable 
prodact 

Te»U. — Pare  cupric  oxide  is  a  compact,  heavy,  deep-black  pow- 
der, gritty  to  the  touch ;  npon  exposure  to  a  red  heat  it  must  evolve 
DO  byponitric  acid  fnmee,  nor  carbon  dioxide ;  the  latter  would 
indicate  presence  of  fragments  of  charcoal,  or  particles  of  dnst.  It 
most  contain  nothing  soluble  in  water.  That  portion  of  the  oxide 
which  has  been  exposed  to  an  intense  red  heat  should  be  hard, 
and  of  a  grayish-black  color. 

*  If  the  KalM  contdn  lime,  digeit  them  with  water,  containtog  a  UUle  nitric 
(tdd,  for  a  long  time,  wtub,  and  then  proceed  u  above. 
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Uses. — Copric  oxide  eervee  to  oxidize  the  car1>oa  and  hydrogcTi 
of  organic  substances,  yielding  np  its  oxygen  wholly  or  in  part, 
according  to  circnmstancee.  That  portion  of  the  oxide  which  has 
been  heated  to  the  most  intense  redness  is  particularly  useful  in  the 
analysis  of  volatile  fluids. 

N.B.  The  cupric  oxide,  after  use,  may  be  regenerated  by  oxi- 
dation with  nitric  acid,  and  subsequent  ignition.  Should  it  have 
become  mixed  with  alkali  salte  in  the  course  of  the  analytical  pro- 
cess, it  is  first  digested  with  very  dilute  cold  nitric  acid,  and  washed 
afterwards  with  water.  To  purify  cupric  oxide  containing  chlo- 
ride, £.  Eblehueter  recommends  to  ignite  it  in  a  tube,  first  in  a 
stream  of  moist  air,  and  finally,  when  the  escaping  gas  ceases  to 
redden  litmns  paper,  in  dry  air.  By  these  operations  any  oxideB 
of  nitrogen  that  may  have  remained  are  also  removed. 

2,  Lead  Chromate. 

Preparation. — Precipitate  a  clear  filtered  solution  of  lead  ace- 
tate, slightly  acidulated  with  acetic  acid,  with  a  small  excess  of 
potassium  dichromate  ;  wash  the  precipitate  by  decantation,  and  at 
last  on  a  linen  strainer ;  dry,  pat  in  a  Hessian  cmcible,  and  heat  to 
bright  redness  until  the  mass  is  fairly  in  fusion.  Poor  out  upon  a 
stone  slab  or  iron  plate,  break,  pulverize,  pass  through  a  fine 
metallic  sieve,  and  keep  the  tolerably  fine  powder  for  nse. 

Tests. — Lead  chromate  is  a  heavy  powder,  of  a  dirty  yellowiflh- 
brown  color.  It  must  evolve  no  carbon  dioxide  upon  the  applica- 
tion of  a  red  heat ;  the  evolution  of  carbon  dioxide  would  indicate 
contamination  with  organic  matter,  dust,  &c  It  must  contain 
nothing  soluble  in  water. 

Uses. — Lead  chromate  serves,  the  same  as  cnpric  oxide,  for 
the  combustion  of  organic  substances.  It  is  converted,  in  the  pro- 
cess of  combustion,  into  chromic  oxide  and  basic  lead  chromate. 
It  suffers  the  same  decomposition,  with  evolution  of  oxygen,  when 
heated  by  itself  above  its  point  of  fusion.  The  property  of  lead 
chromate  to  fuse  at  a  red  heat  renders  it  preferable  to  cnpric  oxide 
iis  an  oxidizing  agent,  in  eases  where  we  have  to  act  upon  difficultly 
combustible  substances. 

N.B.  Lead  cliromate  may  be  used  a  second  time.  For  this 
purpose  it  is  fused  again  (being  first  roasted,  if  necessary),  and 
then  powdered.  After  having  been  twice  used  it  is  powdered, 
moistened  with   nitric  acid,  dned,  and  fused.     In  this  way  the 
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lead  ctiromate  may  be  used  over  and  over  again  indefinitely 
(VoHL»). 

8.  OiTQEN  Gas. 

PreparaUon. — Triturate  100  grammeB  of  potaBeinm  chlorate 
vith  5  grammes  of  finely  pnlrerized  manganese  binoxide,  and 
introduce  the  mixture  into  a  plain  retort,  which  must  not  bo  mora 
than  half  full ;  ezpoee  the  retort  over  a  charcoal  fire  or  a  gas-lamp, 
at  first  to  a  gentle,  and  then  to  a  gradually  increased  heat.  As 
soon  as  the  Bait  begins  to  fuse,  shake  the  retort  a  little,  that  the 
contents  may  be  uniformly  heated.  The  evolution  of  oxygen 
speedily  commences,  and  proceeds  rapidly  at  a  relatively  low  tem- 
perature, provided  the  above  proportions  be  adhered  to.  As  soon 
as  the  ur  is  expsUed  from  the  I'etort,  connect  the  glass  tube  iixed 
in  the  neck  of  the  retort  by  means  of  a  tight-fitting  cork,  with  an 
india-rubber  tube  inserted  in  the  lower  orifice  of  the  gasometer ; 
the  glass  tube  must  be  sufficiently  wide,  and  there  must  be  sutticient 
space  left  around  the  india-rubber  to  permit  the  free  efflux  of  dis- 
placed water.  Continue  the  application  of  heat  to  the  retort  tilt 
the  evolution  of  gas  has  ceased.  100  grammes  of  potassium 
chlorate  give  about  27  litres  of  oxygen. 

The  oxygen  produced  by  this  process  is  moist,  and  may  con- 
tain traces  of  carbon  dioxide,  and  also  of  chlorine.  These  impuri- 
ties must  be  removed  and  the  oxygen  thoroughly  dried,  before  it 
can  be  used  in  organic  analysis.  The  gas  is  therefore  passed  from 
the  gasometer  first  through  a  solution  of  potassa  of  1*27  sp.  gr., 
then  through  IT  tubes  containing  granulated  soda  lime,  and  finally, 
according  to  circumstances,  througli  U  tubes  containing  calcium 
chloride  or  pumice-stone  moistened  with  sulphuric  acid. 

Teats. — A  chip  of  wood  which  has  been  kindled  and  blown  out 
so  as  to  leave  a  spark  at  the  extremity  must  immediately  burst  into 
fiiame  in  oxygen  gas.  The  gas  must  not  render  lime-water  or  a 
solution  of  silver  nitrate  turbid  when  transmitted  through  these 
flnids. 

4,  SonA-LOfB. 

PreparaUon. — Take   solntion   of   soda   (NaOH),  aaeertain  its 

specific  gravity,  weigh  out  a  certain  quantity,  calculate  the  weight  of 

sodium  hydroxide  present,  add  twice  this  latter  weight  of  the  best 

quick-lime,  allow  the  lime  to  slako,  and  then  evaporate  to  dryness 

'  AnnsleQ  d.  Chcm.  u.  Pluum.,  106, 137. 
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in  an  iron  vessel.  Heat  tlie  residue  in  an  iron  or  Hesuan  cracible ; 
keep  for  Eome  time  at  a  low  red  heat.  Break  up  while  still  warm  in 
an  iron  mortar,  and  pass  the  whole  through  a  sieve  with  meehes 
about  3  mm,  wide,  Keject  the  finest  portion  (removing  it  with  a 
tine  sieve)  and  keep  the  granulated  product  in  a  well-cloee*! 
hottle. 

Use. — Granulated  sodar-Iime  prepared  as  above  described  fonnn 
an  excellent  absorbent  for  carbon  dioxide.  It  was  formerly  also 
used  for  nitrogen  determination  instead  of  the  following ; 

6.  Soda-lime  for  NrntOGEH  Dbtebminations.* 
Pr^taration. — Equal  weights  of  sal-soda  in  clean  (washed) 
large  crystals  and  of  good  white  promptly  slaking  quick-lime  are 
separately  so  far  pulverized  as  to  pass  through  'holes  of  -^  inch, 
then  well  mixed  together,  placed  in  an  iron  pot  which  should  not 
be  more  than  half  filled,  and  gently  heated,  at  first  without  stir- 
ring. The  lime  soon  begins  to  combine  with  the  crystal  water  of 
the  sodinm  carbonate,  the  whole  mass  heats  atrongly,  swells  op,  and 
in  a  short  time  yields  a  fine  powder,  which  may  then  be  stirred  to 
effect  intimate  mixture  and  to  drive  off  the  excess  of  water  bo  that 
the  mass  is  not  perceptibly  moist  and  yet  short  of  the  point  at 
which  it  rises  in  dust  on  handling.  When  cold  it  is  secured  in 
well-closed  bottles  or  fruit  jars,  and  is  ready  for  use. 
6.  Mbtailic  Coppkb. 
Metallic  copper  serves,  in  the  analysis  of  nitrogenons  substances, 
to  effect  the  reduction  of  the  nitric  oxide  gas  that  may  form  in 
the  course  of  the  analytical  process. 

It  is  used  either  in  the  form  of  turnings,  or  copper  scalec 
reduced  by  hydrogen ;  or  of  small  rolls  made  of  fine  copper  wire 
gauze.  A  length  of  from  7  to  10  centimetres  is  given  to  the 
spirals  or  rolls,  and  just  sufBcient  thickness  to  admit  of  their  being 
inserted  into  the  combustion  tube.  To  have  it  perfectly  free  from 
dost,  oxide,  &a,  it  is  first  heated  to  redness  in  the  open  air,  in  a 
crucible,  until  the  surface  is  oxidized  ;  it  is  then  put  into  a  glass  or 
porcelain  tube,  through  which  an  uninterrupted  current  of  dry 
hydrogen  gas  is  transmitted ;  and  when  all  atmospheric  air  has 
been  expelled  from  the  evolution  apparatus  and  the  tube,  the 
latter  is  in  its  whole  length  heated  to  redness.  The  operator  should 

■  a  W.  TohnsOD.    Report  of  the  Conn.  Agr.  Espr.  Btatlon,  1878,  p.  111. 
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make  Bare  that  the  atmoepherie  air  hae  beea  thoroughly  expelled, 
before  he  proceeds  to  apply  heat  to  the  tube ;  neglect  of  thifl  pre- 
caatioQ  may  lead  to  an  exploeioii. 

7.  PoTAfianru  Htdboxidb  ob  Fota^sa. 
a.  Solution  of  Potassa. 

Solatioa  of  potasea  is  prepared  from  the  carhoQate,  vith  the 
aid.  of  milk  of  lime,  in  the  way  described  in  tbe  "  Qualitative 
Analyaie,"  for  the  preparation  of  solution  of  soda.  The  propor- 
tions are — 1  part  of  potassium  carbouate  to  12  parts  of  water,  and 
f  part  of  lime,  slaked  to  paste  with  three  times  the  quantity  of 
warm  water. 

The  decanted  clear  solntion  is  evaporated,  in  an  iron  vessel, 
over  a  strong  fire,  antil  it  has  a  specific  gravity  of  1*27  ;  it  is  then, 
whilst  still  warm,  poured  into  a  bottle,  which  is  well  closed,  and 
allowed  to  stand  at  rest  until  all  solid  particles  have  sabsided.  Thu 
clear  solution  is  finally  drawn  oS  from  the  deposit,  and  kept  for 
use. 

b.  Fstaed  Potaesa  (common). 

The  commercial  potaesa  in  sticks  (impure  KOH  usually  com- 
bined with  more  or  lees  H,0)  will  answer  the  purpose.  If  you 
wish  to  prepare  it,  evaporate  solution  of  potasea  (a)  in  a  silver  ves- 
sel, over  a  strong  fire,  until  the  residuary  Iiydroxide  flows  like 
oil,  «id  white  fumes  begin  to  rise  from  the  surface.  Pour  the 
fused  mass  out  on  a  dean  iron  plate,  and  break  it  np  into  small 
pieces.    Keep  in  a  well-stoppered  bottle  for  use. 

c.  Potaesa  (purified  wiUi  alcohol),  see  "  Qual.  Anal.,"  p.  43. 
Uses. — Solntion  of  potassa  serves  for  the  absorption,  and  at 
the  same  time  for  the  estimation  of  carbon  dioxide.  In  many 
cases,  a  tube  filled  with  fragments  of  fused  potassa  is  used,  in 
addition  to  the  apparatus  filled  with  solution  of  potassa.  Potassa 
purified  with  alcohol,  which  is  perfectly  free  from  potassium  sul- 
phate, is  employed  for  the  determination  of  sulphur  in  oiganio 
sahetancee, 

8.  Calciuu  CHLOBms. 

a.  Pure  Caleium  Chloride. 

Prg>aration. — Dissolve  marble  ■  in  commercial  hydrochloric 
acid  dilated  with  four  or  five  times  its  volume  of  water.  (The 
waste  solution  resulting  from  the  i>reparation  of  carbon  dioxide 
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may  be  ased.)  Add  to  this  eolation  with  Btirriog  lime,  elaked 
witli  Bafficient  water  to  give  it  the  coosiBtency  of  thin  paste  until 
it  gives  an  alkaline  reaction  and  a  pellicle  of  calcium  carbonate 
forms  on  the  sarfsce  on  Btanding  exposed  to  the  air.  Iron,  man- 
gaDese,  and  especially  magnesium  are  nsaally  present  in  euch  a 
solution,  and  are  precipitated  by  the  calcium  hydroxide — the  iron, 
however,  not  completely.  After  a  few  honrB,  filter  and  pass  hydro- 
gen sulphide  through  the  alkaline  solution  until  a  filtered  portion 
is  no  longer  blackened  by  this  reagent.  Let  the  solution  stand  for 
twelve  hours,  then  filter  from  the  iron  snlphida  Add  next  hydro- 
chloric acid  to  strongly  acid  reaction  to  convert  the  calcium  sul- 
phide and  calcium  oxycliloride  which  may  be  present  into  cliloride. 
Concentrate  in  a  porcelain  dish.  If  sulphur  separates,  after  a  Bhort 
time  filter  again,  and  continue  the  evaporation  to  dryness  with 
addition  of  a  little  more  hydrochloric  acid  toward  the  end  of  the 
process.  Finally  expose  the  residue  to  a  tolerably  strong  heat 
about  (200°)  on  the  sand-bath,  until  it  is  changed  throughout  to  a 
white  porous  perfectly  opaque  mass,  which  point  can  be  asccrtaine<l 
by  breaking  up  a  piece  detached  from  the  top.  The  product  is 
CaCl,  +  (11,0),.  Kednce  while  still  hot  to  granules  of  the  proper 
size  (i  to  1^  of  an  inch)  by  meauB  of  suitable  sieves  and  a  mortar 
previously  warmed,  and  keep  in  well-closed  bottles. 
J,  Crude  fused  Calcium  Chloride. 
Preparaiion. — Neutralize  the  alkaline  Bolution  obtained  in  a 
(without  separating  the  little  iron  present  with  H,S)  exactly  with 
hydrochloric  acid,  and  evaporate  to  dryness  in  an  iron  pan ;  fuse 
the  residue  in  an  iron  or  Hessian  crucible,  pour  out  the  fnsed  mass, 
and  break  into  pieces.     Preserve  it  in  well-stoppered  bottles. 

Uses. — The  crude  fnsed  calcium  chloride  Berves  to  dry  moist 
gases ;  the  pure  chloride  is  used  in  elementary  organic  analysis  for 
tlie  absorption  and  estimation  of  water  formed  by  the  hydrogen 
contained  in  the  analyzed  substance.  A  solution  of  the  pure  cal- 
cium chloride  should  not  show  an  alkaline  reaction.  A  calcium 
chloride  tube  filled  with  it  should  not  gain  weight  when  a  vcrj- 
slow  current  of  perfectly  dry  carbon  dioxide  is  passed  through  it 
an  hour. 

9,    POTABBICU   DiCHEOMATK. 

Bichromate  of  potaesa  of  commerce  is  purified  by  repeated 
recrystallization,  until  barium  chloride  produces,  in  the  solution  of 
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a  sample  of  it  in  water,  a  precipitate  which  completel;  disBolves  iu 
hydrochloric  acid.  PotasBinm  dichromate  thus  perfectly  free  from 
Eolphnric  acid  is  required  more  particularly  for  the  oxidation  of 
organic  eubetaDcee  with  a  view  to  the  eBtimation  of  the  Bnlphnr 
contained  in  them.  Where  the  ealt  is  intended  for  other  pnrposea, 
e^.,  to  determine  the  carbon  of  organic  bodies,  bj  heatiDg  them 
with  potassium  dichromate  and  Bolphuric  add,  one  recrystallizatioa 
18  aofficient. 
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SECTION    III. 

FOBMS  AND  COMBINATIONS  IN  "WHICH  SUB- 
STANCES AEE  SEPARATED  FROM  EACH  OTHER, 
OR  IN  WHICH  THEIR  WEIGHT  IS  DETERMINED. 

§67. 

THB'qnaQtitatiTe  analysis  of  a  compotind  sabetaDce  requires, 
as  the  first  and  most  indispensable  condition,  a  correct  and  accurate 
knowledge  of  the  compoeition  and  properties  of  the  new  combinar 
tions  into  which  it  is  intended  to  convert  its  several  individnal 
constitaents,  for  the  purpose  of  eeparaticg  them  from  one  another, 
and  detennining  their  several  weights.  Regarding  the  properties 
of  the  new  compounds,  we  have  to  inquire  more  particularly,  in 
the  first  place,  how  they  behave  with  solvents ;  secondly,  what  is 
their  deportment  in  the  air ;  and,  thirdly,  what  is  their  behavior  on 
ignition  t  It  may  be  laid  down  as  a  general  rule,  that  compounds 
are  the  better  adapted  for  quantitative  determination  the  more 
insoluble  they  are,  and  the  less  alteration  they  ondcrgo  npon 
exposure  to  air  or  to  a  high  temperatnre. 

With  respect  to  the  compoeition  of  a  compound,  it  is  better 
lulapted  to  the  quantitative  determination  of  a  body  the  less  it 
contains  relatively  of  that  body ;  since  any  error  in  weighing  or 
loss  of  the  compound  to  be  weighed  will  have  the  less  infiuence  on 
the  accuracy  of  the  results  the  less  the  percentage  it  contains  of 
the  substance  to  be  determined. 

In  this  section  those  combinations  of  the  several  bodies  whicli 
are  best  adapted  for  their  quantitative  determination  are  enumer- 
ated and  described.  The  description  given  of  the  external  form 
and  appearance  of  the  new  compounds  relates  more  particularly  to 
the  state  in  which  they  are  obtained  in  our  analyses.  With  regard 
to  the  properties  of  the  new  compounds,  we  shall  confine  ourselves 
to  the  enumeration  of  those  which  bear  upon  the  special  objects 
we  have  more  immediately  in  view. 

[The  percentage  compositions  of  these  compounds  are  stated  in  * 
connection  with  fteir  description.    For  this  purpose  the  symbols 
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of  the  coastitaent  elements  of  the  compoands  in  maiij  cases 
(viz. :  when  they  are  ozjgen  salts)  are  groaped  in  a  manner 
difiereat  from  that  used  to  express  their  chemical  constitution. 
This  gronping  oonstitates  a  kind  of  formole  differing  from  either 
the  empirical  or  rational  in  ordinary  nse  in  modem  test-books  of 
chemistry,  bat  identical  with  that  formerly  in  general  use  (the  old 
system).  These  formnlsB  are  based  upon  the  fact  that  in  all 
oxygen  salts,  whether  normal,  acid,  basic,  ortho-,  meta-,  or  pyro^ 
salts,  there  is  just  enongh  oxygen  to  form  with  the  radicals  present, 
both  basic  and  acid,  their  corresponding  oxides  or  anhydrides,  and 
with  hydrogen,  if  present,  water.  They  represent  oxides  (and 
water)  jointly  equivalent  in  weight  to  the  radicals,  hydrogen,  and 
remaining  oxygen,  which  rational  formuUe  represent  as  existing  in 
oxygen  salts. 


Potaasinm  snlphate,     SO,  <  Jg  =  K,0,SO,. 
Hydrogen  potasaam  sulphate, 

2(S0,  <  2§)  =  K.0,H.0,2S0.. 
Potaasinm  disnlphate, 

O  <  18;  I  OT  =  ^0.2S0, 

Ammonium  magnesium-  phosphate, 
/       /ONH.    \ 

Ms^esinm  pyrophoi^hate, 

/  PO  <  g  >  Mg 
\  PO  <  g  >  Mg 

Most  analytical  chemists  prefer  to  present  the  results  of  analyses 
of  oxygen  salts  in  percentages  of  oxides  (or  anhydrides)  and  water 
on  Kcconnt  of  the  simplicity  of  computations  required.    Accord- 


by  GoOglc 


ingly,  in  the  following  section,  the  percentage  oompoeition  of 
oxygen  ealt£  is  given  in  this  manner,  accompanied  by  correspond- 
ing formiilEB  and  molecular  weights.  These  formnlee  are  in  every 
ease  preceded  by  rational  fonnulse  conatmcted  in  accordance  with 
the  theory  of  the  constitution  of  oxygen  salts  which  is  now 
generally  accepted.] 


A.    FOSMB  IS  WSrCS  THE  BASIC  RADIOALB  ABB  WBIGBSD  OR 
PRECIPITATED. 

BASIC  RADICALS  OF  THE  FIRST  QROTTP. 


The  combinations  best  suited  for  the  weighing  of  potassiDnL 
are   POTAflsiDM    sulphate,   potabbiuic    cblokidb,  and    potassiuk 

FLATINIC   CHLOBtDB. 

a.  P<^aaaium  tvlphate  crystallizes  osnally  in  small,  hard, 
straight,  four-sided  prisms,  or  in  double  six-sided  pyramids ;  in 
the  analytical  process  it  is  obtained  as  a  white  crystalline  mass. 
It  dissolves  with  some  difficulty  in  water  (1  part  requiring  10  parts 
of  water  of  12°),  it  is  almost  absolutely  insoluble  in  pure  alcohol, 
but  slightly  more  soluble  in  alcohol  containing  sulphuric  acid 
(Expt.  No.  6).  It  does  not  afEect  vegetable  colors  ;  it  is  unalter- 
able in  the  (dr.  The  crystals  decrepitate  strongly  when  heated, 
yielding  at  the  same  time  a  little  water,  which  they  hold  mechani- 
cally confined.  The  decrepitation  of  crystals  that  have  been  kept 
long  drying  is  less  marked.  At  a  good  red  heat  the  salt  fuses 
without  volatilizing  or  decomposing.  At  a  white  heat  a  little  of 
the  salt  volatilizes  and  also  some  sulphuric  acid,  so  that  the  residue 
possesses  an  alkaline  reaction  (Al.  Mitsoheelich,*  Bod8sinoaclt+). 
When  exposed  to  a  red  heat,  in  conjunction  with  ammonium 
chloride,  potassium  sulphate  is  partly,  and,  upon  repeated  applica- 
tion of  the  process,  wholly  converted,  with  effervescence,  into 
potassium  chloride  (H.  Boss). 


*  Joora.  t  prakt  Cbem.  88,  486.  f  Zeitscbr.  f.  anaL  Clwm.  7.  344 
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K,0    .    .    .      94-26  64-09 

"SO,     ...      80-00  45-91 


W4-36  100-00 


The  acid  potassinm  sulphate  (KHSO^,  which  is  prodnoed  when 
the  norma]  salt  is  evaporated  to  dryness  with  free  sulphuric  acid, 
is  readily  solable  in  water,  and  fusible  even  at  a  moderate  heat. 
At  a  red  beat  it  losee  sulpharic  acid,  and  is  converted  into  normal 
potassium  sulphate,  but  not  readily — the  complete  converBion  of 
the  acid  into  the  normal  salt  requiring  the  long-continaed  applica- 
tion of  an  intense  red  heat.  However,  when  heated  in  an  atmos- 
pbere  of  ammonium  carbonate — which  may  be  readily  procured  by 
repeatedly  throwing  into  the  faint  red-hot  crucible  containing  the 
acid  sulphate  small  lumps  of  pure  ammonium  carbonate,  and 
patting  on  the  lid — the  acid  salt  changes  readily  and  quickly  to 
the  normal  sulphate.  The  transformation  may  be  considered 
complete  as  soon  as  the  salt,  which  was  so  readily  fusible  before,  is 
perfectly  solid  at  a  faint  red  heat. 

h.  PottMsium  chloride  crystallizes  usually  in  cubes,  often 
lengthened  to  columns;  rarely  in  octahedra.  In  analysis  we 
obtain  it  either  in  the  former  shape,  or  as  a  crystalline  mass.  It  is 
readily  soluble  in  water,  but  much  less  so  in  dilute  hydrochloric 
acid ;  in  absolute  alcohol  it  is  nearly  insoluble,  and  but  slightly 
solable  in  common  alcohol.  It  does  not  affect  vegetable  colore, 
and  is  unalterable  in  the  air.  When  heated,  it  decrepitates,  unless 
it  has  been  kept  long  drying,  with  expulsion  of  a  little  water 
mechanically  confined  in  it.  At  a  moderate  red  heat,  it  fuses 
unaltered  and  without  diminution  of  weight ;  when  exposed  to  a 
higher  temperature,  it  volatilizes  ia  white  fumes ;  this  volatilization 
proceeds  the  more  slowly  the  more  effectually  the  access  of  air  is 
prevented  (Expt.  No.  7).  When  repeatedly  evaporated  with 
solution  of  oxalic  acid  in  excess,  it  is  converted  into  potassinm 
oxalate.  When  evaporated  with  excess  of  nitric  acid,  it  is  con- 
verted readily  and  completely  into  nitrate.  On  ignition  with 
ammonium  oxalate,  potassium  carbonate  and  potassium  cyanide 
are  formed  in  noticeable  quantities. 
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K      .    .    .    .      59-13  52-46 

01       ....       36-46  47-54 


c.  Potasgium  piatinic  tM&ride  presente  either  email  reddieb* 
yellow  octahedra,  or  a  lemoD-colored  powder.  It  is  difflcoltly 
soluble  Id  cold,  more  readily  in  hot  water;  nearlj  insoluble  in 
absolute  alcohol,  and  bnt  sparingly  soluble  in  common  alcohol — 
one  part  requiring  for  ita  solution,  respeetirely,  1S1088  parts  of 
absolute  alcohol,  3775  parts  of  alcohol  of  70  per  cent,  and 
1053  parts  of  alcohol  of  55  per  cent.  (E-tpt.  No.  8,  a.)  Preaenoe 
of  free  hydrochloric  acid  senaibly  increases  the  solubility  (Expt 
No.  8,  h).  In  caoetic  potasea  it  dissolTes  completely  to  a  yellow 
fluid.  It  is  unalterable  in  the  air,  and  at  100°.  On  exposure  to 
an  intense  red  heat,  four  atoms  of  chlorine  escape,  metallic  pUti- 
num  and  potaBsinm  chloride  being  left ;  but  even  after  long-con- 
tinaed  fusion,  there  remains  always  a  little  potassinm  piatinic 
chloride  which  resists  decomposition.  Complete  deoompoeitiou  is 
easily  effected,  by  igniting  the  double  salt  in  a  current  of  hydrogen 
gas,  or  wiUi  some  oxalic  acid. 

According  ti>  Andbevs,  potassinm  piatinic  chloride,  eves 
though  dried  at  a  temperature  considerably  exceeding  100°,  retains 
still  '0055  of  its  weight  of  water. 


.    78-26  16-03 

.  197-18  40-39 

.  212-76  43-58 

488-20  100-00 


ooMPOsmos. 

.  149  18 
.  33902 

30-56         K, 
69-M         Pt 
CI. 

488-20     100-00 


d.  Potcudum  sUiooJhioride  is  obtained  on  mixing  a  solntion  of 
a  potassium  salt  with  hydroflnosilicic  acid  in  the  form  of  a  trans- 
lucent iridescent  precipitate,  which  increases  and  completely 
scpamtes,  when  an  equal  volume  of  strong  alcohol  is  added  to  the 
fluid.  After  being  flltei-ed  off,  washed  with  weak  alcohol  and  dried, 
it  is  a  soft  white  powder.  It  is  difficultly  soluble  in  cold  water,  far 
.  more  readily  in  boiling  water,  not  at  all  or  in  merest  traces  soluble 
in  a  mixture  of  water  and  strong  alcohol  iu  eqnal  parts,  but  it  is 
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decidedly  more  Bolnble  in  the  presence  of  any  considerable  qnau- 
tity  of  free  acid,  especially  hydrochloric  or  BolpfaTiric  acid.  When 
potasea  is  added  to  the  boiling  aqneoos  solution  of  the  salt  the 
following  change  takes  place:  (KF),8iF.  +  4K0H  =  6KF  + 
Si{OH)„  the  solntion  taming  from  acid  to  neatrsl  (principle  of 
Stolba*b  Tolnmetric  method  of  estimating  potaasinm).  As  soon  as 
it  'is  ignited  the  salt  fuses,  gives  off  silicon  fluoride  and  leaves 
potassium  fluoride. 


2.   SoDIDH. 

Sodiom  is  nsnally  weighed  as  sooinu  sulphate,  sodium  chlo- 
siDB,  or  soDtru  carbonate.  It  is  separated  from  potassiom  in  the 
form  of  BODiuM  platinio  ohloeide,  from  other  bodies  occasionally 
in  the  form  of  Bodium  silicoflnoride. 

a.  AnhydroQB  normal  sodittm  sulphate  is  a  white  powder  or  a 
white  very  friable  mass.  It  dissolves  readily  in  water;  but  is 
sparingly  solnble  in  absolute  alcohol ;  presence  of  free  solphnric 
acid  slightly  increases  its  solubility  in  that  menstrom  ;  it  is  some- 
what more  readily  soluble  in  common  alcohol  (Ezpt.  No.  9).  It 
does  not  affect  vegetable  colors ;  npoa  exposnre  to  moist  ur,  it 
slowly  absorbs  water  (Expt.  No.  10).  At  a  gentle  faeat  it  is  un- 
altered, at  a  strong  red  heat  it  fuses  without  decomposition  or  loss 
of  weight.  At  a  white  heat  it  loses  weight  by  volatilization  of 
sodium  sulphate  and  also  of  snlphnric  add  (Al.  MrrsoHSBLioH, 
BoussiKQAtrLT).  When  ignited  with  ammonium  chloride,  it  be- 
havee  like  potassium  sulphate. 

COMPOSmON. 

on   ^  ONa  _  Na,0  ....    62-08  43.69 

°"»  ^  ONa  —  SO,     ....    80-00  56.81 

142.08        100-00 

The  add  sodium  sulphate  (sodium  hydrogen  sulphate,  NaHSO^) 
which  is  always  produced  upon  the  evaporation  of  a  solution  of  the 
normal  salt  with  sulphuric  add  in  excess,  fuses  even  at  a  gentle 
heat ;  it  may  be  readily  converted  into  the  normal  salt  in  the  same 
manner  as  the  acid  potassium  sulphate  (see  §  68,  a).. 

h.  Sodium  chloride  crystallizes  in  cubes,  octahedra,.  and- hollow 
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foar-sided  pyramids.  In  aualysia  it  is  freqaently  obtained  as  aa 
amorplioits  mass.  It  dissolves  readily  in  water,  but  is  mncb  lesa 
solable  in  hydrochloric  acid ;  it  is  nearly  insolnble  in  absolnte 
alcohol,  and  but  sparingly  solable  in  common  alcohol ;  100  parta 
of  alcohol  of  75  per  cent.  dLisolve,  at  a  temperature  of  15°,  '7  part 
(Waoneb),  It  is  neutral  to  vegetable  colors.  Exposed  to  a 
somewhat  moist  atmosphere,  it  slowly  absorbs  water  (Expt.  No.  l2). 
Crystals  of  this  salt  that  have  not  been  kept  drying  a  considerable 
time  decrepitate  when  heated,  yielding  a  little  water,  which  they 
hold  mechanically  confined.  The  salt  fuses  at  a  red  heat  without 
decomposition ;  at  a  white  heat,  and  in  open  vessels  even  at  a 
bright  red  heat,  it  volatilizes  in  white  fnmea  (Expt.  No.  13).  If  a 
carburetted  hydrogen  flame  acts  on  fusing  sodium  chloride,  hydro- 
chloric acid  escapes,  and  some  sodium  carbonate  is  formed.  On 
evaporation  with  oxalic  or  nitric  acid  as  well  as  by  ignition  with 
ammonium  oxalate,  it  behaves  like  the  corresponding  potasBiom 
Bait 

OOMPOSmoH. 

Ka 23-04  39.38 

a 35-46  60-63 

58-60  100-00 

e.  Anhydrous  sodium  carbonate  is  a  white  powder  or  a  white 
very  friable  mass.  It  dissolve  readily  in  water,  but  much  less  so 
in  solution  of  ammonia  (Mabouebtite)  ;  it  is  insoluble  in  tdcohol. 
Its  reaction  is  strongly  alkaline.  Exposed  to  the  air,  it  absorbs 
water  slowly.  On  moderate  ignition  to  iacipient  fusion  it  scarcely 
loses  weight ;  on  long  fusion,  however,  it  volatilizes  to  a  consider- 
able extent  (Comp.  Expt.  14). 


COMPOSmON. 

CO  <  """ 


OKa  _  Na.0    .    .     .     62-08  58-53 

ONa  "CO.       ...      44-00  41-48 

106-08  100-00 


d.  Sodium  plaianic  ofdoride  crystallizes  with  6  moL  water 
(NaCl),.  PtCl, -|- 6  H,0,  in  light  yellow,  transparent,  prismatic 
'Crystals  iwhich  dissolve  readily  both  in  water  and  in  common 
.aleohoL 


by  Google 


gTO.]  BASEB   OF   QBODP  1.  137 

fl.  Sodium.  iiUooJl'uoride  is  similar  in  propertieB  to  the  corre- 
^nding  potaBsiam  salt.  It  has  an  analogona  composition,  and  is 
decomposed  in  the  same  waj  by  alkalies.  It  is,  howeror,  cod- 
udorablj  more  soluble  in  water  and  in  dilated  alcohoL 


3.  Akkohicu. 

Ammoninm  ie  most  appropriately  weighed  as  AuuoGmnc 
UHLOEIDE,  or  as  AMMONioM  PLATiNic  CHLOEroE,  or  it  may  be  esti- 
mated from  the  weight  of  the  platinum  in  the  latter  contpoond. 

Under  certain  circumstances  ammonitiin  may  also  be  estimated 
from  the  volume  of  the  NrrEOOBN  gas  eliminated  from  it ;  and  it 
is  frequently  estimated  by  alkalimetry. 

a.  AjTWumvum  chloride  crystallizes  in  cubes  and  octahedra,  but 
more  frequently  in  feathery  crystals.  In  analysis  we  obtain  it 
nnifortnly  as  a  white  ma^.  It  diBBolves  readily  in  water,  but  is 
difficultly  soluble  in  common  alcohol.  It  does  not  alter  vegetable 
colors,  and  remains  unaltered  in  the  air.  Solution  of  ammonium 
chloride,  when  evaporated  on  the  water-bath,  loses  a  small  quantity 
of  ammonia,  and  becomes  slightly  acid.  The  diminution  of  weight 
occasioned  by  this  loss  of  ammonia  is  very  trifling  (Expt.  No.  15). 
At  100°  ammonium  chloride  loses  nothing,  or  very  little  of  its 
weight  (comp.  same  Expt.).  At  a  higher  temperature  it  volatilizes 
readily,  and  wil^out  undei^ing  decomposition. 


NH.    . 

.     18-04 

33-T2 

NH,     . 

.  ir-04 

31-85 

01  .    . 

.     35-46 

66-28 

HOI     . 

-     36-46 

68-16 

53-60       100-00  58-50         100-00 

100  parts  of  ammoninm  chloride  correspond  to  48 -67  parts  of 
ammonium  oxide. 

h.  A-tn/moniwrn  platm/ic  chloride  occurs  either  as  a  heavy, 
lemon-colored  powder,  or  in  small,  hard  octahedral  crystals  of  a 
bright  yellow  color.  It  is  difficultly  soluble  in  cold,  but  more 
readily  in  hot  water.  It  is  very  sparingly  soluble  in  absolute 
alcohol,  but  more  readily  in  common  alcohol— 1  part  requiring  of 
absolute  alcohol,  26685  parts;  of  alcohol  of  76  per  cent.,  1406 
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38-08 

800 

197-18 

212-76 

6-295 

1-794 

44-209 

47  702 

CNH,), 

(HOI), 
PtCl.. 

parte;  of  alcohol  of  SS  per  cent.,  665  parts.  The  pieBeaoe  of 
free  acid  eensibly  increases  its  solabiUty  (Expt.  No,  16).  It 
remains  nnaltered  in  the  air,  and  at  100°.  It  loses  a  little  water 
between  100°  and  125°.  Upon  ignition  chloriae  and  ammoniam 
chloride  escape,  leaving  the  metallic  platinum  as  a  porous  mass 
(spongy  platinum).  However,  if  due  care  be  not  taken,  in  this 
process,  to  apply  the  heat  gradually,  the  escaping  fames  will  carry 
off  pardeles  of  platinum,  which  will  coat  the  hd  of  the  crucible. 
For  properties  of  metallic  platinum,  see  §  89,  a. 

OOHPOSinOH. 

{NH,a),  .    .  107-00  28-99  (NH,),  .  .    36-08  8-09 

PtCl,    .     .     .339-03  76-01  Ft .     .  .  .197-18  44-21 

CI.      .  .  .  213-76  47-70 

446-03  100-00                             


N. 

H. 

Pt      .    .     .  197-18      44-209        (HCl).     .    .    72-92      16-85 

CI,      .    .    .  312-76      47  702        PtOl..      .    .  339-03      76-01 

448-02     100-000  446-02    100-00 

100  parts  of  ammonium  platinic  chloride  correspond  to  11-677 
parts  of  ammonium  oxide. 

0.  Ifitrogen  gas  is  colorless,  tasteless,  and  inodorous ;  it  mixes 
with  air,  without  producing  the  slightest  coloration ;  it  does  not 
affect  vegetable  colors.  Its  specific  gravity  is  '97137  (Keqnault). 
One  litre  weighs  at  0°,  and  -76  metre  Ikit.,  1-25617  grm.  It,iB 
difficnltly  soluble  in  water,  1  volume  of  water  absorbing,  at  0°,  and 
•76  pressure,  -02035  vol.;  at  10°,  -01607  vol.;  at  15°,  -01478  vol. 
of  nitrogen  gas  (Bdhsem). 

BASIC  RADICALS  OF  THE  BBCOKD  GROUP. 
§71. 
1.  Babiuh. 
Barium  is  weired  as  bakitic  sulphate,  basiuk  casbohatb, 

and  B-ABIUH  SILtOOFLUOBIDE. 

a.  Artificially  prepared  larium  sulphate  presents  the  appear- 
ance ia  of  a  fine  white  powder.    When  recently  precipitated,  it 
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difficult  to  obtain  a  clear  filtrate,  especially  if  the  precipitatioD  was 
effected  in  the  cold,  and  the  Bolation  contains  neither  hydrochloric 
acid  nor  ammoniam  chloride.  It  iB  as  good  aa  ineoluble  in  cold 
and  in  hot  water.  (1  part  of  the  salt  requires  more  than  400,000 
parts  of  water  for  solation.)  It  haa  a  great  tendency,  upon  pre- 
cipitation, to  carry  down  with  it  other  sabstances  contained  in  the 
solution  from  which  it  separates,  more  particularly  barium  nitrate, 
nitrates  and  chlorates  of  the  alkali  metals,  ferric  oxide,  &c.  Several 
of  the  imparities,  such,  for  instance,  as  potasBinm  or  sodiam  chlo- 
rates, may  be  removed  by  igniting  the  barium  sulphate,  moistening 
with  hydrochloric  acid,  evaporating  the  latter  o£E  and  exhausting 
the  roeidue  with  water ;  other  impurities  again,  such  aa  potassium 
or  sodium  nitrates,  cannot  be  removed  by  this  treatment.  Even 
the  precipitate  obtained  from  a  solution  of  barium  chloride  by 
means  of  sulphuric  acid  in  excess  contains  traces  of  barium  chloride, 
which  it  is  impossible  to  remove,  even  by  washing  with  boiling 
water,  but  which  are  dissolved  by  nitric  acid  (Sibolb).  Cold  dilute 
acids  dissolve  tri£ing,  yet  appreciable  traces  of  barium  sulphate; 
for  instance,  1000  parts  of  nitric  acid  of  1-032  sp,  gr.  dissolve  '062 
parts  (Calvbbt),  1000  parts  of  hydrochloric  acid  containing  3  per 
cent,  dissolve  -06  parts.*  Cold  concentrated  acids  dissolve  consid- 
erably more;  thus,  1000  parts  of  nitric  acid  of  1'167  sp.  gr.  dis- 
solve 2  parts  (Cai.v£bt).  Boiling  hydrochloric  acid  also  dissolves 
appreciable  traces;  thns  230  c.c  hydrochloric  acid  of  1-02  sp.  gr. 
were  found,  after  a  quarter  of  an  hoar's  boiling  with  '679  grm. 
barium  sulphate,  to  have  dissolved  of  it  '048  grm.  Acetic  acid 
dissolves  less  barium  sulphate  than  the  other  acids ;  thus,  80  cc. 
acetic  acid  of  1'02  sp,  gr.  were  found,  after  a  quarter  of  an  hour's 
boiling  with  *4  grm.,  to  have  dissolved  only  "002  grm.  (Sieols). 
Free  ddorine  considerably  increases  its  solubility  (0.  L.  Ehdmanw). 
Several  salts  more  particularly  interfere  with  the  precipitation  of 
bariom  by  sulphuric  acid.  I  observed  this  some  time  ago  with 
magneeinm  chloride,  but  ammonium  nitrate  (HrrrzNTZWET),  alkali 
nitrates  generally,*  and  more  particularly  alkali  citrates  (Spillkr), 
possess  this  property  in  a  high  degree.  In  the  last  case  the  pre- 
cipitate appears  on  the  addition  of  hydrochloric  acid.  If  a  fluid 
contains  metaphoephoric  acid,  barium  cannot  be  completely  pre- 
cipitated out  of  it  by  means  of  sulphuric  acid ;  the  resnlting  pre- 
cipitate too  contains  phosphoric  acid  (Sohe&bek,  Rube).  Barium 
*  Zeitschr.  f.  uuL  Chem.  *.  es. 
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snlphate  dissolves  in  tolerable  quantity  in  concentrated  aiilpliarie 
acid,  but  separates  again  on  dilution.  It  is  ae  good  as  iosolnble 
in  a  boiling  solution  of  ammonium  sulphate  (1  in  4),  Barium 
sulpliate  remains  qnite  nnaltered  In  the  air,  at  100°,  and  even  at 
a  red  heat.  At  a  strong  white  heat  it  loses  snlphnric  acid  (Bons- 
binoadlt).*  On  ignition  with  charcoal,  or  under  the  influence  of 
reducing  gases,  it  is  converted  comparatively  easily,  but  as  a  rule 
only  partially,  into  barium  snlphide.  On  ignition  with  ainmoniom 
chloride,  bariam  sulphate  undergoes  partial  decomposition.  It  is 
not  affected,  or  affected  but  very  slightly,  by  cold  solutions  of  the 
hydrogen  carbonates  of  the  alkali  metals  or  of  ammonium  carbo- 
nate; solutions  of  normal  sodium  and  potassinm  carbonates  when 
cold  have  only  a  slight  decomposing  action  upon  it ;  but  when 
boiling,  and  upon  repeated  application,  they  effect  at  laat  the 
complete  decomposition  of  the  salt  (H.  IIose).  By  fusion  with 
sodium  or  potas^um  carbonate,  barium  sulpliate  is  readily  deoom- 
posed. 

couposrnoii. 

an  ^O-^-R.-  BaO     ....    153  65-67 

eu,<Q>iJa— gQ^     ....       80  34-33 

233  100-00 

h.  Artificially  prepared  harium  carbonaU  presents  the  appear- 
ance of  a  wliite  powder.  It  dissolves  in  14137  parts  of  cold,  and  in 
15421  parts  of  boiling  water  (Ezpt.  No.  17).  It  dissolves  far  more 
readily  in  solutions  of  ammonium  cliloride  or  ammoninni  nitrate; 
from  these  solutions  it  is,  however,  precipitated  again,  though  not 
completely,  by  caustic  ammonia.  In  water  containing  free  carbonic 
acid,  barinm  carbonate  dissolves  to  an  acid  carlionate.  In  water  con- 
taining ammonia  and  ammonium  carbonate,  it  is  nearly  insoluble, 
one  part  requiring  about  141000  parts  (Expt.  No.  18).  Its  solution 
in  water  has  a  very  faint  alkaline  reaction.  Alkali  citrates  and 
mctaphosphatcs  impede  the  pi-ecipitation  of  Imrinm  by  ammoninnt 
carbonate.  It  is  unalterable  in  the  air,  and  at  a  red  heat.  WLen 
exposed  to  the  strongest  heat  of  a  blast-furnace,  it  slowly  yields  up 
the  whole  of  its  carbonic  acid  ;  this  expnlston  of  the  carbonic  acid 
is  promoted  by  the  simultaneous  action  of  wqueous  vapor.  Upon 
heating  it  to  redness  with  charcoal,  caustic  baryta  is  formed,  with 
evolution  of  carbon  monoxide. 

*  Zeitechr.  f.  aual.  Cbem.  T  344. 
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100-00 

o.  Sa/nttm,  siUoqfiuoride  forms  small,  hard,  and  colorless  crys- 
tals, or  (more  geaerally]  a  crystalline  powder.  It  dissolres  in  3800 
parts  of  cold  water ;  in  hot  water  it  is  more  readily  soluble  (Expt. 
No.  19).  The  presence  of  free  hydrochloric  acid  increases  its  solu- 
bility considerably  (Expt.  No.  20).  Ammonium  chloride  acts  also 
in  the  same  way  (1  part  silicoflnoride  of  barium  diseolves  in  128 
parts  of  saturated,  and  589  parts  of  dilate  solution  of  ammonium 
chloride.  J.  W.  MAi.i.£7r).  In  common  alcohol  it  is  almost  insoluble. 
It  is  unalterable  in  the  air,  and  at  100°  ;  when  ignited,  it  is  decom- 
poeed  into  silicon  fluoride,  which  escapes,  and  barium  fluoride, 
which  remains. 


BaF,    ...    175      62-72        Ba    ...    137     49-10 

SiF,     ...    104     37-28        Si     .    .    .      28      10-04 

.     114     40-86 


§72. 
2.  Stbohtiuh. 
Strontinm  is  weighed  either  as  STBomnm   bblpqatb,  ox  as 

STBONTIDM  CABBONATE. 

a.  Stronimm  aulphaie,  artificially  prepared,  is  a  white  powder, 
Bometimea  dense  and  crystalline,  sometimes  loose  and  balky.  It 
dissolves  in  6895  parts  of  cold,  and  9638  parts  of  boiling  water 
(Expt.  No.  21).  In  water  containing  sulphuric  acid,  it  is  still  more 
difficultly  soluble,  requiring  from  11000  to  12000  parts  (Expt.  No. 
32).  Of  cold  hydrochloric  acid  of  8-5  per  cent.,  it  requires  474  parts ; 
of  cold  nitric  acid  of  4'8  per  cent.,  432  parts ;  of  cold  acetic  acid  of 
15-6  per  cent,  of  HC,H,0„  as  much  as  7843  parts  (Expt.  No.  23). 
It  diasolres  in  solutions  of  potassium  chloride  and  magnesium  chlo- 
ride,  in  quantity  which  increases  with  the  concentration,  also  insola- 
tions of  Bodiom  chloride  and  calciam  chloride  in  greatest  quantity 


ooHPoemoir. 
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100-00 

F. 

b,  Google 


143  POBMS.  L§  TO. 

when  the  Botntioos  are  of  medium  coocentratioo  (A.  Yibck*)  ;  U 
'it  is  precipitated  from  these  solationa  by  snlphartc  acid.  Meta- 
phoaphoric  acid  (Schesbkr,  ^ubk),  atid  also  alkali  citrates,  bat  not 
free  citric  acid  (Spilleb),  impede  the  precipitation  of  strontium  by 
snlphuric  acid.  It  is  as  good  as  insoluble  in  abeolate  alcohol,  in 
common  alcohol,  and  in  a  boiling  eolation  of  ammonium  sulphate 
(1  in  4).  It  does  not  alter  vegetable  colors ;  and  remains  unaltered 
in  the  air,  and  at  a  red  heat.  When  exposed  to  a  most  intense  red 
heat,  it  foses  with  lose  of  a  small  quantity  of  anlphnric  acid  (M. 
DABHBTADrt))  ^H  the  Bulphurio  scid  will  escape  on  very  strong 
ignition  continued  for  a  length  of  time  (Bods8iiiqaiti.t|).  Wlien 
ignited  with  charcoal,  or  under  the  inflaence  of  redncing  gaaee,  it 
is  converted  into  strontium  aulphide.  Solutions  of  acid  and  nor- 
mal carbonates  of  potassium,  sodium,  and  ammoniam  decompose 
strontium  sulphate  completely  at  the  common  temperatore,  even 
when  considerable  quantities  of  alkali  sulphates  are  present  (H. 
Bobb).     Boiling  promotes  the  decomposition. 

OOHFOSmON. 

on  ^O^a       8rO    .    .    .    103-5  56-40 

183-5  100-00 

J.  /^rontiwn  oarbonaie,  artificially  prepared,  is  a  white,  soft, 
loose  powder.  It  difieolves,  at  the  common  temperature,  in  18046 
parts  of  water  (Expt.  No.  24) :  presence  of  ammonia  dimiiUE^ee 
its  solubility  (Ezpt.  No.  25).  It  diesolres  pretty  readily  in  solu- 
tions of  ammoniam  chloride  and  ammonium  nitrate,  bnt  is  preoipi' 
tated  again  from  these  solutions  by  ammonia  and  ammonium  car- 
bonate, and  more  completely  than  barium  carbonate  under  similar 
circumstances.  Water  impregnated  with  carbonic  acid  disaolvee  it 
as  an  acid  carbonate.  Its  reaction  is  very  feebly  alkaline.  Alkali 
citrates  and  metaphosphates  impede  the  precipitation  of  strontinm 
by  alkali  carbonates.  Ignited  with  access  of  air  it  is  infusible, 
but  when  exposed  to  a  most  intense  heat,  it  fuses  and  gradually 
loses  its  carbonic  acid.  On  ignition  with  charcoal,  strontium  oxii^ 
is  formed,  with  evolution  of  carbon  monoxide  gas. 

•  ZdtKlir.  1  aiML  Gliem.  1,478.  |/».  9.8T*.  tIb.7,UL 
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coicposinoN. 
CO<j;>Sr  =  j 


SrO    .     .     .    103-50 
CO,    .    .    .      «-00 

70-17 
38-88 

147-60 

100-00 

§78. 

8.   CUJOIUM. 

Calcium  is  weighed  either  as  oaloth  STn.FHATB,  oalotdh  cas- 
.  BONATB,  or  CALCiUH  oxiDB ;  to  conTett  it  into  the  latter  forms,  it 
ie  first  nsoally  precipitated  ta  calcinm  oxalate. 

a.  Artificially  prepared  anhydroTiB  calcium  svlph^  is  a  loose, 
white  powder.  It  diBsoIvee,  at  the  common  temperature,  in  430 
parts,  at  100°,  in  460  parts  of  water  (Poogiale).  Presence  of 
hydrodiloric  acid,  nitric  acid,  ammoniam  chloride,  eodinm  enlphate, 
or  sodium  chloride,  increases  its  solubility.  It  dissolves  with  com- 
parative ease,  eepedally  on  gently  warming,  in  aqueous  solutioii  of 
sodium  thioenlphate  (Dishl),  and  also  in  a  boiling  solution  of 
ammonium  sulphate  (1  in  4).  The  aqueous  solution  of  calcium 
sulphate  does  not  alter  vegetable  colors.  In  alcohol  of  90  per  cent 
or  stronger  it  is  almost  absolutely  insoluble.  Exposed  to  the  air, 
it  slowly  absorbs  water.  It  remains  unaltered  at  a  dull-red  heat. 
Heated  to  intense  bright  redness,  it  fuses,  losing  weight  consider- 
ably from  lose  of  sulphuric  acid  (Ax.  MrrsoHBBUOH  *).  On  long 
ignition  at  a  white  heat  all  the  sulphuric  acid  escapes  (Bonssw- 
QAux.Tt).  On  ignitiim  with  charcoal,  or  under  the  influence  of 
reducing  gases,  it  is  converted  into  calcium  sulphide.  Solutions 
of  normal  and  acid  carbonates  of  the  alkali  metals  decompose  oal- 
dum  sulphate  more  readily  still  than  strontium  sulphate. 

OOHPOSITIOII. 

an  ^  O .  n»  -  <'»<^    ■    -    •    •    ^6  4118 

SO,  <  Q  >  Oa  -  gQ^  _         g(j  gg.g2 


h.  Calcium  carbonate  artificially  produced  by  the  precipitation 
tit  a  calcium  salt  with  ammonium  carbonate  is  at  first  loose  and 

*J<nir.  f.  prakL  Cbeni.  88,460.  f  ZdtBchr.  f.  uiaL  Chem.  7, 241. 
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amorphous,  but  after  eome  time  becomts  a  white,  fine,  crystal- 
lino  powder,  which  ander  the  microscope  has  sometimes  the  form 
of  calcite,  eometimee  that  of  aragonite.  It  is  very  eliglitly  soln- 
ble  ia  water.  By  protracted  boiling  1  litre  of  water  dissolves 
■034  grm.,  according  to  A.  W,  Hofmann,  or  -036  gnn.  according 
to  O.  "Weltzien  ;  so  one  part  requires  28500  parts  of  water  for 
solution.  The  solution  has  a  barely-perceptible  alkaline  reaction. 
In  water  containing  ammonia  and  ammonium  carbonate  the  crya- 
taliized  salt  dissolves  mnch  more  sparingly  (£xpt.  No.  27),  one 
part  requiring  about  65000  parte ;  this  solution  is  not  precipitated 
by  ammonium  oxalate.  Amorphous  calcium  carbonate  is  also 
mnch  more  insoluble  in  water  containing  ammonia  than  in  pure 
water  (Ditbbs*).  Presence  of  ammonium  chloride  and  of  ammo- 
nium nitrate  increases  the  solubility  of  calcium  carbonate ;  bat  the 
salt  is  precipitated  again  from  these  solutions  by  ammonia  and 
ammoninm  carbonate,  and  more  completely  than  barium  carbonate 
nnder  similar  circumstances.  Normal  salts  of  potassium  and  sodium, 
and  also  normal  calcium  and  magnesium  salts  (Hunt),  likewise 
increase  its  solubility,  the  precipitation  of  calcium  by  the  alkali 
carbonates  is  completely  prevented  or  considerably  interfered  with 
by  the  presence  of  alkali  citrates  (Spilleb)  or  metaphosphates 
(Bitbe).  Water  impregnated  with  carbonic  acid  dissolves  cal^um 
carbonate  as  acid  carbonate.  Calcinm  carbonate  remains  unaltered 
in  the  air  at  100°,  and  even  at  a  low  red  heat ;  but  npon  the  appli- 
cation of  a  stronger  heat,  more  particularly  with  free  access  of  air, 
it  gradually  loses  its  carbonic  acid.  By  means  of  a  gas  blowpipa- 
lamp,  calcinm  carbonate  (about  '5  grm.),  in  an  open  platinum 
crucible,  is  without  difficulty  reduced  to  calcinm  oxide ;  attempts 
to  effect  complete  reduction  over  a  spirit  lamp  with  double  draught 
have,  however,  failed  (Expt.  No.  28).  It  is  decomposed  far  more 
readily  when  ignited  with  charcoal,  giving  off  its  carbonic  acid  in 
the  form  of  carbon  monoxide. 

oouposmoH. 

-,rt    ,0.    p.   _CaO    ....    56  66-00 
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e.  Cdleiwn  oxalaU,  precipitated  from  hot  or  concentrated  sola- 
tions,  is  a  fine  white  powder  coneiBtiog  of  infinitely  miDute  iudia- 
tinct  crystals,  and  almost  absolutely  insoluble  in  water.  The  salt 
has  the  formula,  CaC,0,  +  H,0.  When  precipitated  from  cold, 
eztremely-dilate  Bolutions,  the  salt  presents  a  more  distinctly  crys- 
talline appearance,  and  consists  of  a  mixture  of  CaC.Oj  +  H,0  and 
CaC,0,  -|- 3H,0  (SorcHAT  and  Lembseh).  Presence  of  free  oxalic 
acid  and  acetic  acid  slightly  increases  the  solubility  of  calcium 
oxalate.  The  stronger  acids  (hydrochloric  acid,  nitric  acid)  diseolve 
it  readily ;  from  these  solutions  it  is  precipitated  again  unaltered, 
by  alkalies,  and  also  (provided  the  excess  of  acid  be  not  too  great) 
by  alkali  oxalates  or  acetates  added  in  excess,  Calciam  oxalate 
does  not  dissolve  in  solutions  of  potassium  chloride,  sodiam  chlo- 
ride, ammoniwn  chloride,  barimu  chloride,  calciam  chloride,  and 
strontiam  chloride,  even  though  these  solutions  be  hot  and  concen- 
trated ;  bnt,  on  the  other  hand,  it  dissolves  readily  and  in  appreci- 
able quantities,  in  hot  solutions  of  the  salts  belonging  to  the  mag- 
nesiom  group.  From  these  solutions  it  is  reprecipitated  by  an 
excess  of  alkali  oxalate  (Socchat  and  Lenssen).  Alkali  citrates 
(Spillzb)  and  metaphosphates  (Eube)  impede  the  precipitation  of 
lime  by  alkali  oxalates.  "When  treated  with  solntions  of  many  of 
the  heavy  metals,  e.g.,  with  solution  of  cnpric  <^Ioride,  silver 
nitrate,  &&,  calciam  oxalate  suffers  decomposition,  a  soluble  cal- 
cium salt  being  formed,  and  an  oxalate  of  the  heavy  metal,  which 
separates  immediately,  or  after  some  time  (Retnobo).  Calcium 
oxalate  is  unalterable  in  the  air,  and  at  100°.  Dried  at  the  latter 
temperature,  it  has  invariably  the  following  composition  (Expt.  No. 
38,  also  SoTicHAT  and  Lensbeh*). 

CO— Os.  CaO    ...    56  38-36 

I  >Ca4-H.0=C,0,    ...    73  49.32 

CO-0/  H,0    ...    18  12-32 

146  100-00 

At  SOS"  calciam  oxalate  loses  its  water,  without  undergoing 
decomposition ;  at  a  somewhat  higher  temperature,  still  scarcely 
reaching  dull  redness,  the  anhydrous  salt  is  decomposed,  without 
actual  separation  of  carbon,  into  carbon  monoxide  and  calcium  i 
carbonate.  The  powder,  which  was  previously  of  snowy  whiteness, , 
"  Anal.  d.  Cbem.  and  Pbarm.  100,  SSS. 
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traDBientlj  aeeomes  a  gray  color  in  the  course  of  thia  proceea,  even 
though  the  oxalate  be  perfectly  pure.  Upon  continued  applica- 
tion of  heat  this  gray  color  disappears  agun.  If  the  calcium 
oxalate  is  heated  in  small,  coherent  fragments,  such  as  are  obtained 
upon  drying  the  precipitated  salt  on  a  filter,  the  conunencement 
and  progress  of  the  decomposition  can  be  readily  tmced  by  this 
transient  appearance  of  gray.  If  the  process  of  heating  be  con- 
ducted properly,  the  residue  will  not  contain  a  trace  of  caldnm 
oxide.  Hydrated  caldnm  oxalate  exposed  suddenly  to  a  dull-red 
heat,  ia  decomposed  with  considerable  separation  of  carbon.  By 
ignition  over  the  gaa  blowpipe  caldnm  oxalate  is  converted  into 
(»]dnm  oxide, 

d.  Calcium  oxide  obtained  by  continued  strong  ignition  of  the 
oxalate  or  carbonate  appears  as  a  white,  infostble  powder,  unalter- 
able by  ignition.  By  standing  in  the  air  it  attracts  water  and  car- 
bonic acid,  but  not  rapidly  enough  to  interfere  with  accurate 
weighing.  By  treatment  with  a  little  water  calcium  hydroxide  is 
formed  with  evolntion  of  much  heat ;  on  igniting  again  the  water 
of  hydration  is  readily  and  completely  removed.  Pure  caldnm 
oxide  dissolves  in  dilute  hydrochloric  acid  with  evolution  of  heat, 
but  without  efiervescenoa 


§74. 

4.    MAGHEBniM. 

Hagneeinm  is  weighed  as  uaokebidk  Binj>HATE,  icAoirEflniif 
PTBOPHOBPHATB,  or  HA61TE8IUH  oxiDK.  To  couvert  it  into  the  pyro- 
phosphate, it  is  predpitated  as  mokhai.  ahhoniuh  haqne8iidi  phos- 
Phate. 

a.  Anhydrous  m/^ne«iuTn  sulphate  presents  the  appearance  of 
a  white,  opaque  mass.  It  dissolves  readily  in  water.  It  is  nearly 
altogether  insoluble  in  absolute  alcohol,  but  it  is  somewhat  soluble 
in  common  alcohoL 

It  does  not  alter  vegetable  colors.  Exposed  to  the  air  it  absorbs 
water  rapidly.  At  a  moderate  red  heat,  it  remains  unaltered ;  but 
when  heated  to  intense  redness,  it  undergoes  partial  decomposition, 
losing  part  of  its  add,  after  which  it  is  no  longer  perfectly  soluble 
jjn  water.    By  means  of  a  gas  blowpipe  it  as  tolerably  easy  to  expel 
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the  whole  of  the  snlphuric  acid  from  email  qaantities  of  magoe- 
sinra  sulphate  (Expt.  No.  30).     Ignited  with  ammoniam  chloride 
>  mttgnesiiim  snlphate  is  not  decomposed. 

OOKPOSmON. 

80.<8>Mg  =  ^   ;    :    ;    ;JS        j^ 

120  100-00 

i.  AniTTionium  magnesium  phmphaU  is  a  white  crystalline 
powder.  It  disBolres,  at  the  common  temporatore,  in  15293  parts 
of  cold  water  (Expt.  No.  31).  In  water  containing  ammonia,  it  is 
much  more  ineolnbia  1000  grm.  of  a  mixture  of  3  parts  water 
and  1  part  ammonia  solution,  dissolved  oulj  a  quantity  correspond- 
ing to  "004  grm.  pyrophosphate  (Kissel*)  ;  the  salt  was  consid- 
erably more  soluble  when  ammonium  chloride  was  also  present ; 
thns,  in  one  of  Kissel's  experiments  a  quantity  corresponding  to 
"Oil  grm.  pyrophosphate  was  dissolved  by  1000  grm.  fluid  con- 
taining 18  grm.  ammonium  chloride.  Presence  of  excess  of  mag- 
nesium sulphate  diminislies  the  solubility  in  dilate  ammonia,  even 
in  the  presence  of  ammonium  chloride,  to  such  an  extent  that  the 
quantity  dissolved  by  1000  grm.  fluid  cannot  be  estimated  (Kibsrl); 
the  precipitate,  under  these  circomfitances,  is  liable,  especially  in 
the  absence  of  much  ammonium  chloride,  and  when  a  laige  excess 
of  magnesiam  sulphate  is  present,  to  contain  some  magnesium 
hydroxide  or  basicmagneeinm  sulphate  (Kubel,!  Kissel).  Sodium 
phosphate  also  diminishes  (to  about  the  same  extent  as  magnesium 
sulphate)  the  solubility  of  the  salt  in  water  containing  ammonium 
chloride  and  ammonia  (W.  Heintz  X)-  It  dissolves  readily  in  adds, 
even  in  acetic  acid.  Its  composition  is  expressed  by  the  formula 
NH.JCgPO.  +  6H,0.  5  mol.  of  water  escape  at  100°,  the  remain- 
ing water  together  with  ammonia  are  expelled,  at  a  red  heat,  leav- 
ing Mg,F,0,.  On  the  application  of  a  stronger  heat  the  mass 
passes  through  a  state  of  incandescence,  if  the  salt  were  pure ;  the 
weight  of  the  residue  is  not  affected.  The  incandescence  may  not 
take  place  at  all  in  the  presence  of  small  quantities  of  calcium  salts, 

•  ZeitscJjr.  (.  anal.  Chem.  8. 178.  \  H.  8. 125.  J  lb. «.  18. 
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of  other  magneeinm  aalts,  or  of  Bilicic  acid.  It  is  occasioned  not 
by  tbo  pafisage  of  the  ortliophosphate  into  the  pyrophosphate,  bnt 
by  the  passage  from  the  crystalline  to  the  amorphoos  condi- 
tion (O.  Pop?  •).  If  ammonium  magnesium  phosphate  is  dissolved 
in  dilute  hydrochloric  or  nitric  acid  and  ammonia  bo  then  added 
to  the  solution,  the  salt  is  re  precipitated  completely,  or  more  cor- 
rectly, only  so  mnch  remains  in  solution  as  corresponds  to  its 
ordinary  solnbility  in  water  containing  ammonia  and  ammonium 
salt. 

tf.  Magnesium  pyrophofrphaie  presents  the  appearance  of  a 
white  mass,  often  slightly  inclining  to  gray.  It  is  barely  soluble  in 
water,  bnt  readily  bo  in  hydrochloric  acid,  and  iu  nitric  acid.  It 
remains  nnaltered  in  the  air,  and  at  a  red  heat ;  at  a  very  intense 
heat  it  fnaes  unaltered.  Exposed  at  a  wliite  heat  to  the  action  of 
hydrogen,  Mg,(POJ,  is  fonned,  while  PH„  P  and  P,0,  escape. 
S{Mg.P,0,)  =  a(Mg,(PO,),  +  P,0.  (STEtrvEf).  It  leaves  the  color 
of  moist  turmeric-,  and  of  reddened  litmus-paper  unchanged.  If 
we  dissolve  it  in  hydrochloric  or  nitric  acid,  add  water  to  the  solu- 
tion, boil  for  Borne  time,  and  then  precipitate  with  ammonia  in 
excess,  we  obtain  a  precipitate  of  ammonium  magnesium  phosphate 
which,  after  ignition,  affords  less  Mg,P,0„  than  was  originally 
employed.  Webber  gives  the  losa  as  from  1-3  to  2'3  per  cent 
By  long-continued  fusion  with  mixed  potassium  and  sodium  car^ 
booates,  magnesium  pyrophosphate  is  completely  decomposed,  the 
pyrophosphoric  acid  being  re-converted  into  orthophosphoric.  If, 
therefore,  we  treat  the  fused  mass  with  hydrochloric  acid,  and  then 
add  water  and  ammonia,  we  re-obtain  on  igniting  tlie  precipitate 
the  whole  quantity  of  the  salt  used.  If  the  solution  of  magnesium 
pyrophosphate  in  nitric  acid  is  evaporated  to  dryness  a  white  resi- 
due ie  left ;  if  this  is  heated  more  strongly  hyponitric  acid  is  liber- 
ated, and  the  residue  turns  the  color  of  cinnamon  ;  on  cooling  it  is 
yellowish-white.  By  heating  still  more  strongly  to  incipient  red- 
ness, rapid  decomposition  seta  in,  more  hyponitric  acid  is  evolved, 
and  pnre-whito  magnesium  pyrophosphate  is  left.  Unless  the  heat 
is  applied  with  care  the  evolution  of  gas  may  be  so  rapid  aa  to 
carry  away  particles  of  the  snletance  (E.  LticK). 

*ZeitKlu'.  t  tati.  Chem.  18.  805.  f  Jour.  f.  prakL  Ch^m.  7B,  UBi 

t  Fogg.  Ann.  78, 146. 
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d.  Magnetium  oxide  is  a  white,  light,  looBe  powder.  It  dis- 
solves in  55,368  parts  of  cold,  and  in  the  same  proportion  of  boil- 
ing water  (Expt.  No.  37).  Its  aqueous  solution  has  a  very  shghtlj 
alkaline  reaction.  It  disBolves  in  hydrochloric  and  in  other  acids, 
without  evolution  of  gas.  Magnesium  oxide  dissolves  readily  and 
in  quantity,  in  solntions  of  normal  ammonium  salts,  and  also  in 
solations  of  potassium  chloride  and  sodiam  chloride  (Expt.  No. 
38)  and  potassium  sulphate  and  sodinm  sulphate  (R.  Wabimoton, 
Jr.)  it  is  more  soluble  than  in  water.  Exposed  to  the  air,  it  slowly 
absorbs  carbonic  acid  and  water.  Magnesium  oxide  is  highly  infusi- 
ble, remaining  unaltered  at  a  strong  red  heat,  and  fusing  enper- 
ficially  only  at  the  very  highest  temperature. 


COHPOSmON. 


Mg 24  60 

O       16  40 


BA8I0  RADICALS  OP  THE  THIRD  QRODP. 

§75. 

1.  AmuiNinH. 

Alnmininm  ie  usually  precipitated  as  stdbozide,  occasionally  as 

BASIC  AOKTATE  or  BASIC  FOBUATE,  and  always  weighed  as  alchinidv 

OXIDE. 

a.  Aluminium  hydroxide^  recently  precipitated  from  a  solu- 
tion of  an  aluminium  salt  by  an  alkali  is  translucent,  and  when 
dried  at  100°  has  the  formula,  A1,{0H),.  The  precipitate  invar 
riably  retains  a  minute  proportion  of  the  acid  with  which  the 
aluminium  was  previonsly  combined,  as  well  as  of  the  alkali  which 
has  served  as  the  precipitant ;  it  is  freed  with  difficulty  from  these 
admixtures  by  repeated  washing.     It  is  insoluble  in  pure  water ; 
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but  it  readily  diaeolvefl  in  soda,  potafiea,  and  ethylamine  (Somses- 
schein)  ;  it  IB  sparingly  solnble  ia  ammonia,  and  insolnble  in  am- 
moninm  carbonate;  presence  of  ammonium  salts  greatly  diminishes 
its  solubility  in  ammonia  (Expt.  No.  39).  The  correctness  of  this 
statement  of  mine  in  the  first  edition  of  the  present  vork,  lias 
been  amply  confirmed  since  by  Malaquti  and  Dubocheb  ;*  and 
also  by  experiments  made  by  my  former  assistant,  Mr.  J.  Fdghb. 
The  former  cbemiBta  state  also  that,  when  a  solution  of  aluminium 
is  precipitated  with  ammonium  sulphide,  the  fluid  may  be  filtered 
o£E  five  minutee  after,  without  a  trace  of  alnmininm  in  it.  Fdcbs 
did  not  find  this  to  be  the  case  (Expt.  No.  40).  Alnmininm 
hydroxide,  recently  precipitated,  dissolves  readily  in  hydrochloric 
or  nitric  acid ;  but  after  filtration,  or  after  having  remained  for 
some  time  in  the  fiuid  from  which  it  has  been  precipitated,  it 
does  not  dissolve  in  these  acids  without  considerable  difiScnlty, 
and  long  digestion.  Aluminium  hydroxide  shrinks  conEiderably 
on  drying,  and  then  presents  the  appearance  of  a  hard,  translucent, 
yellowish,  or  of  a  white,  earthy  ma^a.  When  ignited,  it  loses 
water,  and  this  loss  is  frequently  attended  with  slight  decrepitation, 
and  invariably  with  considerable  diminution  of  bulk.  Almninium 
hydroxide  precipitated  from  a  solution  of  aluminium  in  potaesa  or 
soda  by  ammonium  chloride  is  milk-white,  denser,  easier  to  wash, 
and  much  less  soluble  in  ammonia  than  the  variety  above  de- 
scribed. Wlien  dried  at  100°,  it  has  the  formula  A1,0,  +  (H.0), 
(J,  L6wE+). 

6.  Aluminvum  oxide  or  alumina,  prepared  by  heating  the 
hydroxide  to  a  moderate  degree  of  redness,  is  a  loose  and  soft  mass ; 
bat  upon  the  application  of  a  very  intense  degree  of  heat,  it  con- 
cretes into  small,  hard  lumps.  At  the  most  intense  white  heat,  it 
fuses  to  a  clear  glass.  Ignited  alumina  is  dissolved  by  dilute  acids 
with  very  great  difficulty ;  in  fuming  hydrochloric  acid,  it  dis- 
solves upon  long-continued  digestion  in  a  warm  place,  slowly,  but 
completely.  It  dissolves  tolerably  easily  and  quickly  by  first  heat- 
ing with  a  mixture  of  8  parts  of  concentrated  sulphuric  acid  and 
3  parts  of  water,  and  then  adding  water  (A.  MrrscHEKLiOH^). 
Ignition  in  a  current  of  hydrogen  gas  leaves  it  unaltered.  By 
fusion  with  potassium  disulphate,  it  is  rendered  soluble  in  water. 
Upon    igniting    alumina   with    ammonium    chloride,   aluminium 

•  Ann.  de  Cbim.  et  de  Ph;H.  8  Bki.  17.  421. 

t  ZeitMdir.  t.  anal.  Chem.  4,  S50.  %  Jonm.  f.  pnkt.  Clieia.  SI.  110. 
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cliloride  eacapee ;  bat  the  prucesa  fails  to  effect  complete  volatili- 
zation  of  the  alumina  (H.  Rose),  ^hen  alumina  is  fused  at  a 
very  high  temperatare,  with  ten  times  its  quantity  of  sodium  car- 
bonate, sodium  aluminate  is  fonned,  which  is  soluble  in  water 
(R.  Bichteb).  Placed  upon  moist  red  litmns-paper,  pure  alumina 
doea  not  ehuige  the  color  to  blue. 

ooupoemoN. 

Al, 55-00  53.40 

O, 48-00  46-60 

103-00  100-00 

e.  If  to  the  Bolntion  of  a  salt  of  aluminium,  sodium  carbonate 
or  ammonium  carbonate  be  added,  till  the  resulting  precipitate  only 
just  rediseolves  on  stirring,  and  then  sodium  acetate  or  ammonium 
acetate  poured  in  in  abundance  and  the  mixture  boiled  some  time, 
the  alntniniam  is  precipitated  almost  completely  as  basic  acetate  in 
the  form  of  translucent  flocks,  so  that  if  the  filtrate  be  boiled  with 
ammonium  chloride  and  ammonia  only  unweighable  traces  of 
aluminiuni  hydroxide  separate.  If  the  quantity  of  sodium  acetate 
employed  be  too  small,  the  precipitate  appears  more  granular,  the 
filtrate  would  then  contain  a  larger  amount  of  aluminium.  The 
precipitate  cannot  be  ver^'  conveniently  filtered  and  washed.  In 
washing  it  is  best  to  use  boiling  water,  containing  a  little  sodium 
acetate  or  ammonium  acetate.  The  precipitate  is  readily  soluble 
in  hydrochloric  acid. 

d.  If,  instead  of  the  acetates  mentioned  in  c,  the  corresponding 
formates  be  used,  a  flooculent  voluminous  precipitate  of  basic 
aluminium  formate  is  obtained,  which  may  be  very  readily  washed 
'  {Fb.  Schulze*). 


2.  Chbomicm. 

Chroniinm  is  usually  precipitated  as  cbbouio  btdeozidb,  and 
always  weighed  as  chromic  oxide. 

a.  Chromic  hydroxide  recently  precipitated  from  a  green  solu- 
tion, is  greenish-gray,  gelatinous,  insoluble  in  water:  it  dissolves 
readily,  in  the  cold,  in  solutions  of  potassa  or  aoda,  to  a  dark  green 
fluid ;  it  dissolves  also  in  the  cold,  but  rather  sparingly,  in  solution 

•  Ohcm.  CcniralW.  1861.  & 
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of  ammonia,  to  a  liglit  violet  red  fluid.  In  acids  it  diBSolves 
readily,  with  a  dark  green  color.  Presence  of  ammonium  chloride 
exercises  no  influence  upon  the  solubility  of  the  hydroxide  in 
ammonia.  Boiling  effects  the  complete  separation  of  the  hydroxide 
from  its  solutions  in  potassa,  or  ammonia  (Expt,  No.  41),  The 
dried  hydroxide  is  a  greenieh-blue  powder ;  it  is  converted  into 
oxide  with  lose  of  water  at  a  gentle  red  heat. 

I.  Chromic  oxide,  produced  by  heating  the  hydroxide  to  dull 
redness,  is  a  dark  green  powder ;  upon  the  application  of  a  higher 
degree  of  heat,  it  assumes  a  lighter  tint,  bat  suffers  no  diminution 
of  weight ;  the  transition  from  the  darker  to  the  lighter  tint  is 
marked  by  a  vivid  incandescence  of  the  powder.  The  feebly 
ignited  oxide  is  difficultly  soluble  in  hydrochloric  acid,  and  the 
strongly  ignited  oxide  ie  altogether  insoluble  in  that  acid.  It 
remains  unaltered  when  ignited  with  ammonium  cbloride,  or  in 
a  current  of  hydrogen.  By  fusion  with  sodium  carbonate  and 
potassiuia  nitrate,  potassium  chromate  is  formed. 

OOHPOSITtON. 

Cr,     .     .     .     .     104-96  68-62 

O,      ....       48-00  31-38 


BASIC  RADICALS  OF  THE  FOURTH  QROUP. 

§77. 

1.    ZiNO. 

Zinc  ie  weighed  in  the  form  of  oxide  or  sulphide  ;  it  is  precipi- 
tated as  BASIC  CABDONATE,  OF  aS  SULPHIDE. 

a.  Basic  zinc  carbonate,  recently  precipitated,  is  white,  floccu- 
lent,  nearly  insoluble  in  water — (one  part  requiring  44600  parts, 
Expt.  No.  42) — but  readily  soluble  in  potassa,  soda,  ammonia,  am- 
monium carbonate,  and  acids.  Tlie  solutions  in  soda  or  potassa,  if 
concentrated,  are  not  altered  by  boiling ;  but  if  dilute,  nearly  all 
the  zinc  present  is  thrown  down  as  a  white  precipitate.  From  the 
solutions  in  ammonia  and  ammonium  carbonate,  especially  if  they 
are  dilute,  zinc  is  likewise  separated  upon  boiling.  When  a  neutral 
solntion  of  zinc  is  precipitated  with  sodium  carbonate  or  potassium 
carbonate,  carbonic  acid  is  set  free,  since  the  precipitate  formed  is  not 
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ZnCO,,  but  consists  of  a  compound  of  ziuc  hydroxide,  with  normal 
carbonate  in  proportions  varying  acxwrding  to  the  concentration  of 
the  solution,  and  to  the  mode  of  precipitation,  Owiog  to  the 
presence  and  action  of  this  carbonic  acid,  part  of  the  ziuc  remains 
in  solution ;  if  filtered  cold,  therefore,  the  filtrate  gires  a  precipi- 
tate with  ammonium  sulphide.  But  if  the  solution  is  precipitated 
boiling,  and  kept  at  that  temperatnre  for  some  time,  the  precipi- 
tation of  the  ziuc  is  complete  to  the  extent  that  the  filtrate  is  not 
rendered  tnrbid  by  ammonium  sulphide ;  still,  if  the  filtrate,  mixed 
with  ammonium  sulphide,  be  allowed  to  stand  at  rest  for  many 
hours,  minute  and  almost  unweighable  flakes  of  zinc  sulphide  will 
separate  from  the  fluid.  The  precipitate  of  zine  carbonate, 
obtained  in  the  manner  just  described,  may  be  completely  freed 
from  all  admixture  of  alkali  by  washing  with  hot  water.  If 
ammonium  salts  be  present,  the  precipitation  is  not  complete  till 
every  trace  of  ammonia  is  expelled.  If  the  solution  of  a  zinc  salt 
is  mixed  witlt  potassium  or  Bodium  carbonate  in  excess,  the  mix- 
ture evaporated  to  dryness,  at  a  gentle  heat,  and  the  residue 
treated  with  cold  water,  a  perceptible  proportion  of  the  zinc  is 
obtained  in  solution  as  double  carbonate  of  zinc  and  potaeeiuin  or 
sodium ;  but  if  the  mixture  is  evaporated  to  dryness,  at  a  boiling 
heat,  and  the  residue  treated  with  hot  water,  the  whole  of  the 
zinc,  with  the  exception  of  an  extremely  minute  proportion,  as  we 
have  already  had  occasion  to  observe,  is  obtained  as  zinc  carbonate. 
The  dried  basic  zinc  carbonate  is  a  brilliant,  white,  looso  powder ; 
exposure  to  a  red  heat  converts  it  into  oxide. 

h.  Zinc  oxide,  produced  from  the  carbonate  by  ignition,  is  a 
white  light  powder,  with  a  slightly  yellow  tint.  When  heated,  it 
acquires  a  yellow  color,  which  disappears  again  on  cooling.  Upon 
ignition  with  charcoal,  carboir  monoxide  and  zinc  fumes  escape. 
By  igniting  in  a  rapid  current  of  hydrogen,  metallic  zinc  is  pro- 
duced; whilst  by  igniting  in  a  feeble  current  of  hydrogen, 
erystaUized  zinc  oxide  ia  obtained  (St.  Claire  Detille),  In  the 
latter  case,  too,  a  portion  of  tlie  metal  ia  reduced  and  volatilized. 
Zinc  oxide  is  insoluble  in  water.  Placed  on  moist  turmeric  paper, 
it  does  not  change  the  color  to  brown.  In  acids,  zinc  oxide  dis- 
solves readily  and  without  evolution  of  gas.  Ignited  with  ammo- 
niam  chloride,  fused  zinc  chloride  is  produced  which  volatilizes 
with  very  great  difiicnlty  if  the  air  is  excluded :  but  readily  and 
completely,  with  free  access  of  air,  and  with  ammonium  diloride 
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fumes.  U ixed  with  a  eufBciency  of  powdered  anlphnr  and  ignited 
in  a  stream  of  hydrogen,  the  corresponding  amount  of  sulphide  is 
obtained  (H.  Koas). 

COKPOSmOlT. 

Zn 65-06  80-26 

O 16-00  19.74 


c.  Zinc  aidpAide,  recently  precipitated,  is  a  white,  loose  hydrate. 
The  following  facts  ^ould  here  be  mentioned  with  regard  to  its 
precipitation,*  Colorless  ammonium  sulphide  precipitates  dilute 
solutions  of  zinc,  but  only  slowly ;  yellow  ammonium  sulphide 
does  not  precipitate  dilute  solutions  of  zinc  (1  :  6000)  at  all.  Am- 
monium chloride  favors  the  precipitation  considerably.  Free 
ammonia  acts  so  as  to  keep  the  precipitate  somewhat  longer  in 
suspension,  otherwise  it  exerts  no  injurious  influence.  If  the  con- 
ditions whieli  I  shall  lay  down  are  strictly  observed,  zinc  may  be 
precipitated  by  ammonium  sulphide  from  a  solution  containing 
only  iflflioofl-  Hydratcd  zinc  sulphide  on  account  of  its  slimy 
nature  easily  stops  np  the  pores  of  the  filter,  and  cannot  therefore 
be  washed  without  difficulty  on  a  filter.  The  washing  is  best 
performed  by  using  water  containing  ammonium  sulphide,  and 
continually  diminished  quantities  of  ammonium  chloride  (at  last 
none)  (see  Expt.  No.  43).  The  hydrate  is  insoluble  in  water,  in 
caustic  alkalies,  alkali  carbonates,  and  the  monosulphides  of  the 
alkali  metals.  It  dissolves  readily  and  completely  in  hydrochloric 
and  in  nitric,  but  only  very  sparingly  in  acetic  acid.  WTien  dried, 
the  precipitated  zinc  sulphide  is  a  white  powder  ;  when  wr-dried 
its  composition  is  3ZnS  +  211,0  ;  .dried  at  100°,  2ZnS  +  H,0  ; 
at  150°,  4ZdS  +  H.O  (A.  SoucHATf).  On  ignition  it  loses  the 
whole  of  its  water.  During  the  latter  process  some  hydrogen 
sulphide  escapes,  and  the  residue  contains  some  oxide.  By  roast- 
ing in  tlie  air,  and  intense  ignition,  small  quantities  of  zinc 
sulphide  may  be  readily  converted  into  the  oxide.  On  igniting 
the  dried  zinc  sulphide,  mixed  with  powdered  sulphur,  in  a  stream 
of  hydrogen,  the  pure  anhydrous  sulphide  is  obtained  (H.  Kobe). 
The  latter  suffers  no  loss  of  weight  worth  mentioning  by  ignition 
for  five  minutes  over  tlie  gas  blowpipe ;  but  if  such  Ignition  is 

*  Jour.  f.  prakt.  Cliem.  83,  368.  f  Zeltscbr.  t.  anal.  Chem.  7,  IS. 
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veij  protracted  the  lose   of   weight   becomes  considerable   (Ai.. 
Clabbbn*). 

OOUPOeiTIOM. 

Zn 65-06  67-03 

8 83-00  33-97 


3.  Makqaitxsx. 
Uangaaese  is  weighed  either  aa  pbotosebquioxidb  (uAMaANoso- 

UAHOAStO    oxide),    SS    BULPHIDE,    as    HAHOAaOnS     SULPHATE,    OF    M 

PTSOPHosPHATE.    With  ths  view  of  coQverting  it  into  these  fonna, 
it  is  precipitated  as  uahqanous  gabbonate,  hanoanous  htdbox 

IDE,  MANGANESE   DIOXIDE,  OF  AMHONIUH   MANGANESE    PHOSPHATE. 

a.  Manganese  carbonate,  recently  precipitated,  is  white,  floccu- 
lent,  nearly  insoluble  in  pure  water,  but  somewhat  more  soluble  in 
water  impregnated  with  carbonic  acid.  Presence  of  sodium  car- 
bonate or  potaesium  carbonate  does  not  increase  its  solubility. 
Becently  precipitated  manganese  carbonate  dissolves  pretty  readily 
in  ammonium  chloride :  it  is  owing  to  this  property  that  a  solution 
of  manganese  cannot  be  completely  precipitated  by  potassinm  or 
sodium  carbonate,  in  presence  of  ammoninm  chloride  (or  any  other 
ammonium  salt),  until  the  latter  is  completely  decomposed.  If 
the  precipitate,  while  still  moist,  is  exposed  to  the  air,  or  washed 
with  water  impregnated  with  air,  especially  if  it  is  in  contact  with 
alkali  carbonate,  it  slowly  assames  a  dirty  brownish-white  color,  part 
of  it  becoming  converted  into  hydrated  protosesquioxide.  Even 
long-continued  washing  will  not  remove  the  last  traces  of  alkali 
salt  from  the  precipitate.  The  wash-water  often  comes  through 
tnrbid.  If  the  filtrate  and  wash-water  are  evaporated  to  dryness 
and  the  residue  is  treated  with  boiling  water,  the  small  traces  of 
manganons  carbonate  which  were  partly  dissolved  and  partly  sus- 
pended will  remain  behind  in  the  form  of  hydrated  protoseaqni- 
oxide.  Dried  by  pressure  the  precipitate  is  white,  and  consists  of 
MnCO,  +  H,0 ;  dried  in  a  vacuum  it  consists  of  2(MnC0,)  +  H,0 
(E.  PBioBt)  ;  when  dried  with  free  access  of  air,  the  powder  is  of 
a  dirty-white   color.     When   strongly'  heated  with  access  of  air, 

•  Zeitachr.  f.  anal  Chem.  4,  431.  t  '^'  S>  *^ 
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this  powder  first  tarns  black,  and  changes  anbeeqnently  to  brown 
protoscsqiiioxide  of  manganese.  However,  this  converaion  takes 
some  time,  and  mast  never  be  held  to  be  completed  until  two 
weighings,  between  which  the  precipitate  has  been  ignited  again 
with  free  access  of  air,  give  perfectly  corresponding  results.  On 
igniting  the  manganons  carbonate,  mixed  with  powdered  sulphur, 
in  astreniu  of  hydrogen,  manganese  snlphide  ia  obtained  (H.  I£o&b). 
h.  Manganous  hydroxide  recently  thrown  down  forma  a 
white,  flocculent  precipitate,  barely  soluble  in  water  and  alkalies, 
bnt  soluble  in  ammonium  chloride ;  it  immediately  absorbs  oxygen 
from  the  air,  and  turns  brown,  owing  to  the  formation  of  hydrated 
protosesqni oxide.  On  drying  it  in  the  air,  a  brown  powder  is 
obtained  which,  when  heated  to  intense  redness,  wttli  free  access 
of  air,  is  converted  into  protosesqnioxide,  and  on  ignition  with 
sulphur,  in  a  stream  of  hydrogen,  is  converted  into  sulphide. 

c.  Protoseaquioxide  of  manganese,  artificially  prodneed,  is  a 
brown  powder.  All  the  oxides  of  manganese  are  finally  converted 
into  this  by  strong  ignition  in  the  air.  Each  time  it  is  heated  it 
assumes  a  darker  color,  but  its  weight  remains  unaltered.  It  is 
insoluble  in  water,  and  does  not  alter  vegeI:abio  colors.  If  ignited 
with  ammonium  chloride,  it  ia  converted  into  the  manganons 
chloride.  When  heated  with  concentrated  hydrochloric  acid,  it 
dissolves  to  chloride  with  evolution  of  clilorine  (Mn,0,  +  8HCI  = 
SMnCl,  +  201  +  4H,0).  On  ignition  with  sulphur  in  a  stream 
of  hydragen  it  is  converted  into  eulpliide  (II.  Kobe).  On  ignition 
in  oxygen  it  is  converted  into  manganic  oxide  (Schneidbb).  On 
ignition  in  hydrogen  it  is  converted  into  manganous  oxide. 

COMPOSmoM. 

Mn,  ....  165-00      72-05 
O. 64-00      27-95 

329-00     100-00 

d.  Manganese  dioxide  is  occasionally  produced  in  analysis  by 
exposing  a  concentrated  solution  of  manganous  nitrate  to  a 
gradually  increased  temperature.  At  140°  brown  flakeo  separate, 
at  155°  much  nitrous  acid  is  disengaged,  and  the  whole  of  the 
manganese  separates  as  anhydrous  dioxide.  It  is  brownish-black, 
and  is  deposited  on  the  sides  of  the  vessel,  with  metallic  lustre.  It 
is  insoluble  in  weak  nitric  acid,  but  dissolves  to  a  small  amount  in 
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hot  and  conceotrated  nitric  acid  (Deville).  In  hydrochloric  acid 
it  disBolres  with  evolation  of  chlorine,  in  concentrated  Bulphnric 
acid  with  liberation  of  oxygen.  The  dioxide  is  also  sometimes 
obtained  in  the  hydrated  condition  in  analytical  separatiouB,  thns 
wlien  we  precipitate  a  Bolntiou  of  a  mauganous  salt  with  sodium 
hypochlorite,  or,  after  addition  of  sodium  acetate,  with  bromine  or 
chlorine  in  the  heat.  The  brownish-black  flocculent  precipitate 
thus  obtained,  contains  alkali,  from  whicli  it  cannot  be  well  freed 
by  washing. 

e.  Manffonese  eu^hide,  prepared  in  the  wet  way,  generally 
forms  a  flesh-colored  precipitate.  I  most  make  a  few  remarks 
with  reference  to  its  precipitation.*  This  is  effected  but  incom- 
pletely if  we  add  to  a  pure  manganoos  solution  only  ammonium 
sulphide,  no  matter  whetlicr  it  be  colorless  or  yellow,  while  it  is 
perfectly  effected  if  ammonium  chloride  be  used  in  addition.  A 
large  quantity  even  of  ammonium  chloride  does  not  impede  the 
precipitation.  Ammonia  in  small  quantity  is  not  injurious,  but  in 
large  quantity  it  interferes  with  complete  precipitation,  especially 
in  the  presence  of  ammonium  polysulphide  (A.  CLAssENf).  In  all 
cases  we  must  allow  to  stand  at  least  M  hours,  and  with  very 
dilate  solutions  48  hours,  before  filtering.  Colorless  or  slightly 
yellow  ammonium  sulphide  is  the  most  appropriate  precipitant. 
In  the  presence  of  ammonium  chloride  even  a  large  excess  of 
ammonium  sulphide  is  nninjurioos.  If  the  precipitation  is  con- 
ducted as  directed,  the  manganese  can  be  precipitated  from  solu- 
tions which  contain  an  amount  equivalent  to  only  ,0^^,  of  the 
manganons  oxide.  If  the  Qesh-colored  hydrated  sulphido  remains 
some  time  under  the  fluid,  from  which  it  was  precipitated,  it 
sometimes  becomes  converted  into  the  green  anhydrous  sulphide.^ 
This  conversion  is  more  likely  to  take  place  when  a  largo  excess  of 
ammonium  sulphide  has  been  used ;  heating  favors  it,  ammonium 
chloride  hinders  it.  The  conversion  is  occasioniilly  rapid.  The 
green  sidpbide  thus  obtained  consists  of  eight-sided  tables  dis- 
tinctly visible  ander  the  microscope  (F.  MncK§).  In  acids  (hydro- 
chloric, sulphuric,  acetic,  &c.)  the  hydrated  sulphide  dissolves  with 
evolution  of  hydrogen  sulphide.  If  the  precipitate,  while  still 
moist,  IB  exposed  to  the  air,  or  washed  with  water  impregnated  with 
air,  it  changes  to  brown,  hydrated  pTotoseequtoxide  of  manganese 

•  Joum.  f.  prakt  Cbem.  83,  26S.  f  Zeitachr.  f.  anal.  Cheni.  8,  870. 

t  Journ.  t.  prakt.  Cbem.  83,  »8.  g  Zeitscbr.  t.  Chem.  N.  F.  6,  e. 
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iMting  formed,  together  with  a  email  portion  of  manganooa  sulphate. 
Hence  in  washing  the  hydrate  we  always  add  some  ammoniam  sul- 
phide to  the  wash-water,  and  keep  the  filter  as  full  as  possible  with 
the  same.  Vfe  guard  against  the  filtrate  mnoing  through  turbid, 
by  adding  gradually  decreasing  quantities  of  ammonium  chloride  to 
tlie  wash-water  (at  last  none).  (Expt.  Xo.  44.)  On  igniting  the 
precipitate  mixed  with  enlphar  in  a  stream  of  hydrogen  the 
anbydrone  snlphide  remains.  If  we  have  gently  ignited  during 
this  process,  the  product  is  light  green ;  if  we  have  strongly 
ignited,  it  is  dark  green  to  black.  Neither  the  green  nor  the 
black  sulphide  attracts  oxygen  or  water  quickly  from  the  «r 
(H.  Bose),  The  anhydrous  aalphide  is  also  readily  soluble  in 
dilate  adds. 

coupoernoN. 

Mn       ....     55- UO  63-23 

S 32-00  36-78 


87-00  lOO-OO 

^.  Anhydrous  manganout  sulphate,  produced  by  exposing  the 
crystallized  salt  to  the  action  of  heat,  is  a  white,  friable  mass, 
readily  soluble  in  water.  It  resbts  a  very  faint  red  heat;  but 
upon  exposure  to  a  more  intense  red  heat,  it  snfiers  more  or  less 
complete  decomposition — oxygen,  sulphnr  dioxide,  and  sulphnr 
trioxide  being  evolved,  and  prot«scequioxide  of  manganese  re- 
maining behind.  Ignited  with  sulphur  in  a  stream  of  hydrogen  it 
is  transformed  into  sulphide  (H.  I^ose).    - 

COHPOSmON. 

Hr.^O^„„_MnO     .    .     71-00  47-08 

BU,  <  Q  >  Mu  -  gQ_  g^j.oQ  52,gg 

15100  100-00 

g.  Ammonium  manganese  phosphate. — Gtons*  says  that  this 
precipitate  is  insoluble  in  boiling  water,  but  I  have  not  found  this 
to  be  the  case.  My  results  are  that  1  part  dissolves  in  32092  parts 
of  cold  water,  in  20122  parts  Iwiling  water,  and  J7755  parts  of 
water  containing  ^  of  ammonium  oliloride.     It  has  the  formala 

*  SiLLDf.  Amer.  Journ.  <li.)  44,  310. 
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NHjMnPO,  +  H,0.  It  presents  pale  pink  scales  of  pearly 
lastre,  wbicli  eometimes  turn  reddieh  on  the  filter.  On  ignition  it 
IB  converted  into  manganese  pyrophosphate. 

h.  Manganese  pyrophosphate  is  the  white  residue  left  on  the 
ignition  of  the  preceding. 

COHPOSmON. 

y  P0<Q>Mn_2^j^(j    .    .    .  143  50 

\pO<0>Mn"P*0.       •    ■    -WS  60 


§79. 
3.  Nickel. 

Nickel  is  precipitated  as  htdboxide,  and  as  bulfhidb.  It  is 
weighed  in  the  form  of  hickelops  oxmK,  of  uktai.lio  kicebl,  or 
of  anhydrous  hiokeloub  sitlphatb. 

a.  Nickelotia  hydroxide  forms  an  apple-green  precipitate, 
almost  absolutely  insoluble  in  water.  "When  precipitated  from  a 
solution  of  the  chloride  or  Bulphate,  it  retains  some  of  the  acid 
even  after  long  washing  (Tbiohuann*).  It  is  also  very  difficult  to 
remove  the  last  traces  of  alkali  It  dissolves  with  some  difficulty 
in  ammonia  and  ammonium  carbonate,  far  more  readily  in  the 
presence  of  an  ammonium  salt.  From  these  solutions  it  is  com- 
pletely precipitated  by  excess  of  potassa  or  soda ;  application  of 
heat  promotes  the  precipitation.  It  is  unalterable  in  the  air ;  on 
ignition,  it  passes  into  nickelons  oxide. 

h.  Nickdous  oxide  is  a  dirty  grayish-green  powder.  When 
obtained  by  heating  the  nitrate  to  redness,  it  always  contains  some 
nickelic  oxide,  and  requires  very  Bbx>ng  atMl  protracted  ignition'  for 
conversion  into  the  pure  green  ait^elouB  oxide  (W.  J.  Kosbell), 
It  is  insoluble  in  water,  but  readily  soluble  in  hydrochloric  acid. 
It  does  not  affect  vegetable  colors.  It  suffers  no  variation  of 
weight  upon  ignition  with  free  accesB  of  air.  Mixed  with  am- 
monium chloride  and  ignited,  it  is  reduced  to  metallic  nickel 
(H.  Rosb)  ;  it  is  also  easily  reduced  by  ignition  in  hydrogen  or 
carbon  inonoxida 

*  Annal.  d.  Qiem.  u.  Pharm.  ISS,  17. 
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O       ....     16  21-33 

75  100-00 

a.  MetaUic  nickel  obtained  by  the  redaction  of  nickelons  oxide 
with  hydrogeD  has  the  form  of  a  gray  powder,  or  if  the  heat  has 
been  very  strong,  and  it  liaa  melted,  it  is  lustrons  and  white  like 
silver.  It  is  unaltered  in  weiglit  by  ignition  in  hydrogen,  wlien 
ignited  in  the  air  it  is  superficially  oxidized.  It  is  attracted  by 
the  magnet.  It  is  dissolved  slowly  by  hydrochloric  acid  and  dilute 
salpbario  acid,  and  readily  by  moderately  strong  nitric  acid. 

d.  Ankydroua  nickdous  sulpliate  obtained  by  evaporating  a 
solution  of  the  chloride,  nitrate,  &c.,  with  sulphuric  acid  is  yellow, 
soluble  in  water  to  a  green  fluid.  The  hydrous  salt  may  be 
rendered  anhydrous  without  loss  of  acid  by  cautions  heating  in  a 
platinum  dish,  but  at  low  redness  it  begins  to  blacken  at  the  edges 
and  loses  acid  (F.  Gauhe*). 

e.  Jlydrated  nickeloui  sulphide,  prepared  in  the  wet  way, 
forms  a  black  precipitate,  insoluble  in  water.  I  most  make  some 
obsei'vations  on  its  precipitation-f  In  order  to  precitate  the  nickel 
from  a  pure  solution  completely  and  with  ease,  ammonium  chloride 
must  be  present ;  it  is  not  enough  to  add  ammonium  sulphide 
alone.  A  large  quantity  even  of  ammonium  chloride  produces  no 
injurious  effect.  In  the  pi'esence  of  free  ammonia,  on  the  con- 
trary, some  nickel  remains  in  solution.  In  this  case,  the  super- 
natant fluid  appears  brown.  As  precipitant,  colorless  or  liglit- 
yellow  ammonium  sulphide  containing  no  free  ammonia  sliould  be 
used,  a  large  excess  must  be  avoided.  If  the  directions  given  are 
adhered  to — allowing  to  stand  48  hours— the  nickel  may  be  pre- 
cipitated by  means  of  ammonium  sulphide,  from  solutions  con- 
taining only  inntiinr  '^^  ^^  oxide.  As  the  precipitate  is  liablo  to 
take  up  oxygen  from  the  air,  being  transformed  into  sulphate,  a 
little  ammonium  sulphide  ia  mixed  with  the  wash-water,  to  which 
also  it  is  advisable  to  add  ammonium  chloride  (less  and  less — at 
last  none)  ;  the  filter  should  be  kept  full  (Expt.  No.  45).  Brown 
filtrates,  containing  nickel  sulphide  in  solution,  may  be  freed  from 
the  latter  by  acidulation  with  acetic  acid,  and  boiling  some  time. 

"  ZeitBchr.  f.  anal.  Cbera.  4.  190.  f  Joura.  f.  prakt  Cbem.  8S,  297. 
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The  sulphide  falls  down,  and  uiay  now  be  filtered  off.  It  is  veiy 
eparingly  soluble  in  concentrated  acetic  acid,  somewhat  more  Bolublc 
in  hydrochloric  acid.  It  is  more  readily  soluble  still  in  nitric  acid, 
bat  its  best  Bolrentisnitro-hydrocbloricacid.  It  losee  its  water  upon 
the  application  of  a  red  heat ;  when  ignited  in  the  air,  it  ie  trans- 
formed into  a  basic  compound  of  nickelous  oxide  with  sulphuric  acid. 
Mixed  with  sulphur  and  ignited  in  a  stream  of  hydrogen,  a  fused 
masa  remains,  of  pale  yellow  color  and  metallic  lustre.  This  consists 
of  NijS,  but  its  composition  is  not  perfectly  constant  (F.  Gauhe*). 
[Nickel  may  be  precipitated  as  a  stilphide,  dense  in  form,  easy 
to  wash,  and  not  readily  oxidizing  by  contact  with  air,  by  proceed- 
ing aa  follows  :  To  the  solution,  which  should  be  concentrated  and 
contain  a  liberal  quantity  of  ammonium  salts,  add  ammonia  (if 
necessary)  to  alkaline  reaction,  then  acetic  acid  to  alighi  acid  reac- 
tion, also  ammonium  or  sodium  acetate,  and  heat  to  boUiog. 
Transmit  H,S  gas  through  the  boiling  solution.  Since  moick  free 
acetic  acid  prevents  complete  precipitation,  it  is  necessary  some- 
times when  much  nickel  is  present  to  partially  neutralize  once  or 
twice  the  add  set  free  during  the  process.] 

Nickel  sulphide  may  be  converted  into  nickelous  sulphate  by 
dissolviiig  in  nitric  acid  and  evaporating  with  sulphuric  add. 

§  80. 

4.  Cobalt. 

Cobalt  is  weighed  in  the  pube  uetallio  state,  or  as  oobaltous 
BTTLFHATS.  Besidos  the  properties  of  these  substances,  we  have  to 
stndy  also  those  of  cobaltous  hydboxu>e,  of  the  sut^hidb,  and  of 

the  TBIPOTAB8IOH  COBALTIO    NITBITE. 

a.  Cobaltotu  hydroxide. — Upon  precipitating  a  solution  of  a 
cobaltotis  salt  with  potassa,  a  blue  precipitate  (a  basic  salt)  is 
formed  at  first,  which,  upon  boiling  with  potassa  in  excess,  exclud- 
ed from  contact  of  air,  changes  to  light  red  cobaltous  hydroxide ; 
if,  on  the  contrary,  this  process  is  conducted  with  free  access  of 
air,  the  precipitate  becomes  discolored,  and  finally  black,  part  of 
the  cobaltous  hydroxide  being  converted  into  cobaltic  hydroxide. 
But  the  hydroxide  prepared  in  this  way,  retains  always  a  certain 
quantity  of  the  add,  and,  even  after  the  most  thorough  washing 

*  Zeitscltr.  f.  aoal.  Cbem.  4,  ItU. 
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with  hot  water,  also  a  small  amount  of  the  alkaline  precipitant. 
The  latter,  however,  is  not  enoogh  to  spoil  the  aocnracy  of  the 
reaalte  (H.  Rose,  F.  GArHE*).  Cobaltons  hydroxide  is  insolnble 
in  water,  and  also  in  dilute  potasaa ;  it  is  somewhat  solnble  in  very 
concentrated  potassa,  and  readily  in  ammoninm  salts.  When  dried 
in  the  air,  it  absorbs  oxygen,  and  acquires  a  brownish  color.  By 
strong  ignition  it  is  converted  into  cobaltons  oxide  (even  if  some 
higher  oxide  had  formed  from  boiling  or  drying  in  the  air) ;  if 
cooled  with  exclusion  of  air,  as  in  a  current  of  carbon  dioxide, 
pnre  lightbrown  cobaltons  oxide  will  be  left ;  if  cooled,  on  the 
contrary,  with  access  of  air,  it  is  more  or  less  changed  to  black 
protoseeqnioxide  (cobaltoso-cobaltic  oxide)  (W.  J.  RnBSELLf).  By 
ignition  in  a  cnrrent  of  hydrogen,  metallic  cobalt  is  left,  from 
which  any  traces  of  alkali  may  now  be  almost  completely  removed 
by  boiling  water. 

h.  The  metaUio  cobalt  obtained  according  to  a,  or  by  igniting 
the  chloride  or  the  protoeesquioxide  (produced  by  igniting  the 
nitrate)  in  hydrogen  is  a  grayish-black  powder,  which  is  attracted 
by  the  magnet,  and  is  more  difficultly  fusible  than  gold.  If  the 
reduction  has  been  effected  at  a  faint  beat,  the  finely  divided  metal 
bnma  in  the  air  to  protoeesquioxide  of  cobalt,  which  is  not  the 
case  if  the  redaction  has  been  effected  at  an  intense  heat.  Cobalt 
does  tot  decompose  water,  either  at  the  common  temperature, 
or  upon  ebullition — except  sulphuric  acid  be  present,  in  which 
case  decomposition  will  ensue.  Heated  with  concentrated  sul- 
phuric add,  it  forms  cobaltons  sulphate,  with  evolution  of  snlphnr 
dioxide.     In  nitric  acid  it  dissolves  readily  to  cobaltons  nitrate. 

e.  Cobalt  sulphide,  produced  in  the  wet  way,  forms  a  black 
precipitate,  insoluble  in  water,  alkalies,  and  alkali  sulphides.  Witli 
.regard  to  its  precipitation,t — this  ia  effected  but  slowly  and  im- 
pOTfectly  by  ammonium  sulphide  alone ;  in  the  presence  of  am- 
monium chloride  however,  it  takes  place  quickly  and  completely. 
Free  ammonia  is  not  injurious ;  it  is  all  one,  whether  colorless  or 
yellow  ammonium  sulphide  is  employed.  If  the  directions  given 
are  observed,  cobalt  may  be  precipitated  from  a  solution  contain- 
ing no  more  than  -^-^aa  of  the  protoxide.  In  the  moist  con- 
dition, exposed  to  the  air,  it  oxidizes  to  sulphate.  In  washing  it, 
.therefore,  water  containing  ammonium  sulphide  is  employed,  and 

"  Zeitwdir.  -f .  anal.  Chem.  4,  04.  f  Joum.  Chem.  Boo.  (^  1,  SI. 

4  Joom.  f.  prakt  Chem.  89,  968. 
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the  filter  is  kept  full.  It  is  advisable  also  to  mix  a  little  ammo- 
niam  chloride  with  the  wash-water,  but  its  quantity  should  be 
gradually  decreased,  and  the  last  water  used  mnet  contain  none. 
It  is  but  sparingly  soluble  in  acetio  acid  and  in  dilute  mineral 
acide,  more  readily  in  concentrated  mineral  acids,  and  most  readily 
in  warm  nitro-hydrochloric  acid.  Mixed  with  sulphur  and  ignited 
in  a  stream  of  hydrogen,  we  obtain  a  product  which  varies  in 
composition  according  to  the  temperature  employed.  The  residue 
ie  therefore  not  suited  for  the  determination  of  cobalt  (H.  Rose). 
Cobalt  can  be  precipitated  as  sulphide  completely  in  the  presence 
of  a  veiy  small  amount  of  free  acetic  acid  by  hydrogen  sulphide  in 
the  same  manner  as  nickel  (see  §  79,  e).  Cobalt  sulphide  may  be 
converted  into  cobaltous  sulphate  by  heating  in  the  air,  moistening 
with  nitric  acid,  evaporating  with  sulphuric  acid  and  igniting. 

d.  Cobaltous  sulphate  crystallizes,  in  combination  with  7  aq., 
dowly  in  oblique  rhombic  prisms  of  a  fine  red  color.  The  crystals 
yield  the  whole  of  the  water,  at  a  moderate  heat,  and  axe  con- 
verted into  a  rose^jolored  anhydrons  salt,  which  bears  the  applica- 
tion of  a  low  red  heat  without  losing  add.  At  a  stronger  heat  the 
edges  become  black  and  some  sulphuric  acid  escapes  (F.  GAnSK*), 
It  dissolvee  rather  difficultly  in  cold,  but  more  readily  in  hot  water. 


80.  <X>  Co. 


OOHFOSmoK. 

_CoO     .     .     . 


e.  Tripotatsvwm  oobal6io  nitrite. — If  a  solution  of  a  cobalt  salt 
(not  too  dilute)  is  mixed  with  excess  of  potassa  and  then  with 
acetic  acid  till  the  precipitate  is  redissolved,  and  a  concentrated 
eolation  of  potassium  nitrite  previously  aciditied  with  acetic  acid  is  . 
added,  first  a  dirty,  brownish  precipitate  forniK  which  gradually 
tarns  yellow  and  crystalline,  especially  on  the  application  of  a 
gentle  heat  (N.  W.  Fischer^).  The  composition  of  this  precipi- 
tate corresponds  to  the  formula  (KNO,),Co,(NO,}.  +  aq.  x  (Sadt- 
leb).  Dried  at  100"  its  composition  is  somewhat  variable  (Steo- 
iiETER,  EedmannJ),  It  is  decidedly  solnble  in  water,  less  in 
potasBinm  acetate  whether  neutral  or  acidified  with  acetic  acid, 

•  Zeitwbr.  f.  anaL  Chem.  4,  55.  tPoES-  Ana.  72,  477. 

t  Journ.  f.  prakt.  Chem.  97,  886, 
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not  in  potassium  acetate  to  which  some  potaasiom  nitrite  has 
been  added,  not  in  potassium  nitrite,  nor  in  alcohol  of  80  per 
cent.  On  washing  with  water  or  solution  of  potassitun  acetate, 
unless  potasslnm  nitrite  ia  added,  nitric  oxide  is  constantly  evolved 
in  small  quantities.  It  is  decomposed  with  separation  of  brown 
cobaltic  hydroxide,  with  difficulty  by  solution  of  potaesa,  with  ease 
by  soda  or  baryta.  On  being  moistened  with  sulphnric  acid  and 
ignited  (finally  with  addition  of  ainmonimu  carbonate)  it  leaves 
2(CoSO.)  +  8(K,SO,),  but  there  is  a  difficulty  in  driving  off  all 
the  excess  of  acid  without  decomposing  the  cobaltous  sulphate. 
The  yellow  salt  is  soluble  in  hydrochloric  acid,  potaesa  precipitates 
the  whole  of  the  cobalt  from  this  solution  as  hydroiide. 

§  81. 
6.  FEBBorfl  Iron  ;  and  6.  Fesbic  Ibon. 
Iron  is  nsnally  weighed  in  the  form  of  febric  oxide,  occasioa- 
ally  as  solphtob.     We  have  to  study  also  the  fbbbio  htdboxidk, 

the  PEKKIG  SUCCINATE,  the  TESRIC  ACETATE,  and  the  FBRBtO  FOBHATE. 

a.  Ferric  hydroxide,  recently  prepared,  is  a  reddish-brown 
precipitate,  insoluble  in  water,  in  dilute  alkalies,  and  in  ammonium 
saltB,  but  readily  soltible  in  acids ;  it  shrinks  very  greatly  on 
drying.  When  dry,  it  presents  a  brown,  hard  mass,  with  shining 
conchoidal  fracture.  If  the  precipitant  alkali  is  not  used  in  excess, 
the  precipitate  contains  basic  salt ;  on  the  other  hand,  if  the  alkali 
has  been  used  in  escess,  a  portion  of  it  is  invariably  carried  down 
in  combination  with  the  ferric  hydroxide, — on  which  account 
ammonia  alone  can  properly  be  used  in  analysis  for  this  purpose. 
Under  certaia  circnmstances,  for  instance,  by  protracted  heating  Of 
a,  solution  of  ferric  acetate  on  the  water-bath  (which  tome  the 
solution  from  blood-red  to  brick-red,  and  makes  it  appear  turbid 
by  reflected  light),  and  subsequent  addition  of  some  sulphuric  add 
or  salt  of  an  alkali,  a  reddish-brown  hydrated  ferric  oxide  is  pro- 
duced, which  is  insoluble  in  cold  acids,  even  though  concentrated, 
and  is  not  attacked  even  by  boiling  nitric  acid  (L.  Peak  ds  St. 

GlLLES*). 

Closely  allied  to  ferric  hydroxide  are  the  highly  basic  Baits 
obtained  by  mixing  dilute  cold  solutions  of  ferric  salts,  best  ferric 
chloride,  with  much  ammonium  chloride,  cautiously  adding  am- 
■  Joum.  f.  prakt.  Chem.  6S,  tffT. 
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iiionium  carbonate  tUl  the  fluid  on  standing  in  the  cold  instead  of 
incoming  clear  tarns  more  tarbid  if  anything,  and  then  boiling. 
Tlie  precipitates,  thus  produced  in  the  fluid  which  still  retains  its 
acid  reaction,  contain  the  whole  of  the  iron  present  and  play  an 
important  part  in  analytical  separations.  They  ahonld  be  washed 
with  boiling  water  containing  ammonium  chloride,  being  soluble  to 
a  Blight  extent  in  pnre  water.  They  are  not  suitable  for  ignition, 
as  ferric  chloride  might  occasionally  escape  from  them. 

h.  FerT^  hydroxide  is,  upon  ignition,  converted  into  ferric 
oxide.  If  the  hydroxide  has  been  enperfioially  dried  only,  the 
violent  escape  of  steam  from  the  lumps  is  likely  to  occasion  lose ; 
but  if  it  has  been  dried  as  much  as  poeeible  by  suction  and  still 
remains  moist,  it  may  be  ignited  without  fear  of  lose.  Pure  ferric 
oxide,  when  placed  upon  moist  reddened  litmus-paper,  does  not 
change  the  color  to  blue.  It  dissolves  slowly  in  dilate,  but  more 
rapidly  in  concentrated  hydrochloric  acid;  the  application  of  a 
moderate  degree  of  heat  effects  this  solution  more  readily  than 
boiling.  With  a  mixtnre  of  8  parte  concentrated  sulphuric  acid 
and  3  parts  water,  it  behaves  in  the  same  manner  as  alumina.  The 
weight  of  ferric  oxide  does  not  vary  upon  ignition  in  the  air; 
when  ignited  with  ammonium  chloride,  ferric  chloride  escapes. 
Ignition  with  charcoal,  in  a  closed  vessel,  reduces  it  more  or  less. 
Strongly  ignited  with  sulphnr  in  a  stream  of  hydrogen,  it  is  trans- 
formed into  ferrous  sulphide. 


ooMPoemoN. 


or 


160  100-00 


c.  Ferrous  sulphide,  produced  in  the  wet  way,  tonuB  a  black 
precipitate.  The  following  facts  are  to  be  noticed  with  r^ard 
to  its  precipitation.f.  Ammonium  sulphide  used  alone,  whether 
colorless  or  yellow,  precipitates  pure  neutral  solutions  of  ferrous 
salts,  but  slowly  and  imperfectly.  Ammonium  chloride  acts  very 
favorably ;  a  large  excess  even  is  not  attended  with  inconvenience. 
Ammonia  has  no  injurious  action.  It  is  all  the  same  whether  the 
ammoninm  sulphide  be  colorless  or  light  yellow.    If  the  direc- 


t  lb.,  82,  868. 
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tions  given  are  observed,  iron  may  be  precipitated  b/  means  of 
ammoniam  sulphide,  from  solutions  containing  only  mimn  of 
ferrous  oxide.  In  snc}i  a  caae,  however,  it  is  neceBsary  to  allow  to 
stand  forty-eight  hours.  Since  the  precipitate  rapidly  oxidizes  in 
contact  with  air,  ammonium  sulphide  is  to  be  added  to  the  wash- 
water,  and  the  filter  kept  full.  It  is  well  also  to  mix  a  little 
ammonium  chloride  with  the  wash-water,  but  the  quantity  should 
be  continually  reduced,  and  the  last  water  used  should  contain 
none.  In  mineral  acids,  even  when  very  dilute,  the  hydrated 
sulphide  dissolves  readily.  Mixed  with  sulphur,  and  strongly 
ignited  in  a  str^m  of  hydrogen,  anhydrous  ferroos  sniphide  re- 
mains (H,  Rose). 


Fe 56  63-64 

S 83  36-36 

88  100. 00 

d.  When  a  neutral  solution  of  a  ferric  salt  is  mixed  with  a 
neutral  solution  of  an  alkali  succinate,  a  cinnamon-colored  predpi- 
tate  of  a  brighter  or  darker  tint  of  a  haaio  ferric  succinate  is 
formed,  succinic  acid  being  set  free.  The  free  Buceinie  acid  does 
not  exercise  any  perceptible  solvent  action  upon  the  precipitate  in 
a  cold  and  highly  dilute  solution,  but  it  redissolves  the  precipitate 
a  little  more  readily  in  a  warm  solution.  The  precipitate  most 
therefore  be  filtered  cold,  if  we  want  to  guard  against  re-solution. 
Formerly  the  precipitate  was  erroneously  supposed  to  consist  of  a 
normal  salt,  decomposable  by  hot  water  into  an  insoluble  basic 
and  a  soluble  acid  compound.  Basic  ferric  succinate  is  insoluble  is 
cold,  and  but  sparingly  soluble  in  hot  water.  It  dissolves  readily 
in  mineral  acids.  Ammonia,  especially  if  warm,  deprives  it  of  the 
greater  portion  of  its  acid,  leaving  compounds  which  are  highly 
basic  ferric  succinates  (Dopfino). 

6,  If  to  a  solution  of  a  ferric  salt,  sodium  carbonate  be  added 
in  the  cold,  till  the  fluid  contains  no  more  free  acid,  and  in 
consequence  of  the  formation  of  basic  salt  has  become  deep  red, 
but  remains  still  perfectly  clear,  and  then  sodinm  acetate  be  ponied 
in  and  the  mixture  boiled,  the  whole  of  the  iron  will  be  precipi- 
tated as  haeicfei'ric  acetate. 

f.  Instead  of  the  sodium  or  ammonium  acetate  used  in  e,  the  cor- 
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reepondtng  formates  may  be  u&eil.     TJie  ha«ic  ferric  formate  liei-o 
obtained  is  more  easily  washed  tlian  the  basic  acetate  ''F.  Schdlzb*). 

BASIC  BADICAL3  OF  THE  FIFTH  OROUP. 


I.  Slltbo. 
Silver  may  be  weighed  in  tlie  mbtallio  state,  as  chlobide,  sul- 

PBIDE,  or  CTASIDB. 

a.  Metallic  silver,  obtained  by  the  ignition  of  salts  of  silver 
with  organic  acide,  &c.,  b  a  looBe,  white,  glittering  maea  of  metallic 
Instre ;  but,  when  obtained  by  reducing  silver  chloride,  &c.,  in  the 
wet  way,  by  zinc,  it  is  a  dull-gray  powder.  It  fuses  at  about  1000°. 
Its  weight  is  not  altered  by  moderate  ignition.  It  may,  however, 
be  distilled  by  the  heat  of  the  oxy hydrogen  flame  (CHBiSTOMAMoaf), 
It  dissolves  readily  and  completely  in  dilate  nitric  acid. 

h.  Silver  chloride,  recently  precipitated,  is  white  and  curdy. 
On  sliaking,  the  large  spongy  flocks  combine  with  the  smaller 
particles,  so  that  the  fluid  becomes  perfectly  clear.  This  result  is, 
however,  only  satisfactorily  ejected  wlieu  the  flocks  have  been 
recently  precipitated  in  presence  of  excess  of  silver  solntion  (com- 
pare G.  J.  MtiuibeJ).  Silver  chloride  is  in  a  very  high  degree 
insoluble  in  water,  and  in  dilute  nitric  acid ;  strong  nitric  add,  on 
the  contrary,  does  dissolve  a  trace.  Hydrochloric  acid,  especially 
if  concentrated  and  boiling,  dissolves  it  very  perceptibly.  Accord- 
ing to  PiEERK,  1  part  of  silver  chloride  requires  for  solution  200 
parts  of  strong  hydrochloric  acid  and  600  parts  of  a  dilute  acid, 
composed  of  1  part  strong  acid  and  2  parts  water.  On  snfficiently 
'  diluting  such  a  solntion  with  cold  water  the  silver  chloride  is  pre- 
cipitated 80  completely  that  the  filtrate  is  not  colored  by  hydrogen 
sulphide.  Silver  chloride  is  insoluble,  or  very  nearly  so,  in  con- 
centrated sulphuric  acid ;  in  the  dilute  acid  it  is  as  insoluble  as  in 
Tvater.  In  a  solntion  of  tartaric  acid  silver  chloride  dissolves  per- 
ceptibly on  warming ;  on  cooling,  however,  the  solution  deposits 
the  whole,  or,  at  all  events,  the  greater  part  of  it.  Aqueous  solu- 
tions of  chlorides  (of  sodium,  potassium,  ammonium,  calcium,  zinc, 

*  Cliem.  Gentralblatt,  ISfll,  8.  f  Zoluchr.  f.  anal  Chem.  7,  299. 

^Die  Siiborprobirmotbode,  Iranslated  inlo  German  bj  D.  Clir,  Qrimm,  pp. 
W  aod  811.    Leiprig  ;  J.  J.  Weber.    1M8 . 
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&c.)  all  disflolve  appreciable  qnantities  of  Bilver  chloride,  especially 
if  they  are  hot  and  concentrated.  On  sufficient  dilutioo  with  cold 
^vatGr  the  dissolved  portion  separatee  bo  completely  that  the  filtrate 
is  not  colored  by  hydrogen  Bulphide.  The  solutions  of  alkali  and 
alkali-eartb  nitrates  also  dissolve  a  little  silver  chloride.  The  solu- 
bility in  the  cold  is  trifling ;  ia  the  heat,  on  the  contrary,  it  is  very 
perceptible.  A  strong  solution  of  silver  nitrate  dissolvee  it  slightly, 
especially  in  the  heat ;  but  I  have  found  it  insoluble  in  a  moder- 
ately di!nte  cold  solution  of  lead  nitrate.  The  action  of  mercuric 
salts  upou  it  is  remarkable.  When  well  washed  and  treated  with  & 
very  dilute  solution  of  mercuric  chloride  it  becomes  white  if  pre- 
viously a  little  blackened  by  light,  is  easily  diffused  in  the  fluid, 
and  is  but  tardily  depoBited.  This  depends  upon  the  mercuric  salt 
being  taken  up ;  if  the  silver  salt  is  washed  the  mercuric  salt  will 
be  removed.  Mercuric  nitrate  acts  in  a  similar  way,  bat  a  certain 
quantity  of  silver  passes  at  the  same  time  into  solution.  Silver 
chloride  is  much  more  difficultly  dissolved  by  mercuric  acetate  than 
by  mercuric  nitrate ;  therefore,  if  you  have  a  solution  of  mercuric 
nitrate  containing  eilver  chloride,  if  the  mercuric  salt  is  not  present 
iu  enormous  quantity,  the  silver  may  be  almost  absolutely  thrown 
down  by  addition  of  an  alkali  acetate  (H.  Debrat*).  Solutions 
of  potash  and  soda  decompose  silver  chloride,  even  at  the  ordinaiy 
temperature,  more  readily  on  boiling  ;  silver  oxide  separates,  and 
chloride  of  the  alkali  metal  is  formed.  Solution  of  sodium  or 
potassium  carbonate  decomposes  eilver  chloride  only  very  imper- 
fectly even  on  boiling ;  after  long  boiling  decided  traces  of  chlorine 
are  found  in  the  filtrate.  Silver  chloride  dissolves  readily  in  aque. 
ous  ammonia,  and  also  in  the  solution  of  potassium  cyanide  and 
that  of  sodium  thiosulphate.  According  to  Wallace:  and  LAMONrf 
1  part  of  silver  chloride  dissolves  in  12'SS  parts  of  strong  aqueous 
ammonia  of  ■89  sp.  gr.  Under  the  influence  of  light  silver  chlo- 
ride Boon  changes  to  violet,  finally  black,  losing  chlorine,  and  pass- 
ing partly  into  Ag,C].  The  cliange  is  quite  superficial,  but  the 
loss  of  weight  resulting  is  very  appreciable  (Mulder,  op.  cit.,  p. 
21).  If  silver  chloride  that  has  become  violet  or  black  from  the 
influence  of  light  be  treated  with  aqueous  ammonia,  it  dissolves 
with  separation  of  a  very  small  quantity  of  metallic  silver,  Ag,01 
gives  AgCl  and  Ag  (WrrrsTEra).     On  long  contact  (say  for  24 


•  Zeltachr.  f.  Chem.  18,  S4S.  t  Cbcra.  Ou.  1859. 1ST 
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hoars)  with  water,  especially  of  15°,  silver  chloride,  although 
removed  from  the  influence  of  light,  becomea  graj»  and,  it  appears, 
decomposed ;  the  precipitate  is  found  to  contain  silver  oxide,  and 
the  water  hydrochloric  acid  (Mdldeb).  On  digestion  with  excess 
of  solution  of  potasfflcm  bromide  or  iodide,  silver  chloride  is  com- 
pletely transformed  into  silver  bromide  or  iodide,  as  the  case  may 
be  (FiRLD*).  On  drying,  silver  chloride  becdmes  polvemlent ;  on 
heating  it  tarns  yellow ;  at  360°  it  fuses  to  a  transparent  yellow 
fluid;  at  a  very  high  heat  it  volatilizes  without  decomposition. 
On  cooling  after  fusion  it  presents  a  colorless  or  pale  yellowish 
mass.  Fused  in  chlorine  gas,  it  absorbs  some  chlorine ;  on  cooling, 
this  escapes,  bnt  not  completely.  If  it  is  to  be  completely  expelled, 
and,  in  very  dehcate  experiments  this  must  be  done,  we  pass  car 
bon  dioxide  before  allowing  to  cool  (Stas  f).  Ignition  with  char- 
coal fails  to  effect  its  redaction  to  the  metallic  state  ;  but  it  may 
be  readily  so  reduced  in  a  current  of  hydrogen,  carbnretted  hydro- 
gen, or  carbon  monoxide. 


cx>i[POBrnoK. 


^r. 


W-27 
H-13 


143-89  100-00 


0.  Sliver  au^hide,  prepared  in  the  wet  way,  is  a  black  precipi- 
tate, insolnble  in  water,  dilute  acids,  alkalies,  and  alkali  sulphides. 
It  is  unalterable  in  the  air ;  after  being  allowed  to  subside,  it  is 
filtered  and  washed  with  ease,  and  may  be  dried  at  100°  without 
decompoEiition.  It  dissolves  in  concentrated  nitric  acid,  with 
separation  of  solphur.  Solution  of  potassium  cyanide  dissolves 
it  with  diflSculty,  if  it  has  been  precipitated  from  a  very  dilute 
solution  with  less  difficulty ;  the  quantity  of  potassium  cyanide, 
too,  has  great  influence  on  the  eSecL  For  instance,  if  silver  cya- 
nide, is  dissolved  in  a  bare  sufficiency  of  potassium  cyanide  and 
hydrogen  sulphide,  or  ammonium  sulphide  is  added,  silver  sulphide 
is  thrown  down ;  if,  on  the  other  hand,  a  large  excess  of  potaasium 

*  Qnart.  Jonin.  Chem.  8oc.  10,  384. 

\  Recberchos  sor  lesa  rapparU  rficiproques  des  poldi  atomtqaea,  p.  8T. 
Ibruelles,  1860.  The  loss  of  weight  which  about  100  gnn.  chloride  of  silver 
■altered,  by  ths  expulsion  of  the  absorbed  chlorine,  was  from  7  U>  18  nignn. 
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cyanide  is  present,  no  precipitate  will  be  produced.  If  silver 
aulphide  is  dissolved  in  a  concentrated  solation  of  potassiam  cya- 
nide, it  will  generally  separate  at  once  on  addition  of  much  water 
(BECtiAMf*).  Ignited  in  a  current  of  hydrogen,  it  passes  readily 
and  completely  into  the  metallic  state  (H.  Bosk). 

COMPOSITION. 

Ag, 215-86  87-09 

S 32-00  12-91 

247-86  100-00 

d.  Siioer  cyanide,  recently  thrown  down,  forms  a  white  cordy 
precipitate  insoluble  in  water  and  dilate  nitric  acid,  soluble  in 
potasdiam  cyanide  and  also  in  ammonia ;  exposure  to  light  fails 
to  impart  the  slightest  tinge  of  black  to  it ;  it  may  be  dried  at  100° 
without  decomposition.  Upon  ignition,  it  is  decomposed  into 
cyanogen,  which  escapes,  and  metallic  silver,  which  remains,  mixed 
with  a  little  paracyanide  of  silver.  By  boiling  with  a  mixture  of 
equal  parte  of  snlphuric  acid  and  water,  it  is,  according  to  G-lass- 
FOBn  and  Nafieb,  dissolved  to  silver  salphate,  with  liberation  of 
hydrocyanic  acid. 

OOMPOSmON. 


107-93  80-66 

26-04  19-44 


Lead  is  weighed  as  oxide,  sulphate,  ohboxatb,  ohlobide,  and 
BDLPBmB.  Besides  these  compounds,  we  have  also  to  study  the 
o&BBONATE  and  the  oxalate. 

a.  formal  lead  carbonate  forms  a  heavy,  white,  pulverulent 
precipitate.  It  is  but  very  slightly  soluble  in  perfectly  pure  (boiled) 
water,  one  part  requiring  50550  parts  (see  Expt.  No.  47,  a) ;  bnt 
it  dissolves  somewhat  more  readily  in  water  containing  ammonia 
and  ammooimn  salts  (comp.  Expt.  No.  47,  b  and  c),  and  also  in 


*  Journ.  f.  pntkL  Cbem.  SO,  04. 
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water  impregnated  with  carbonic  acid.  It  loses  its  carboaio  ncid 
when  ignited. 

b.  Lead,  oxalate  ia  a  white  powder,  very  eparingly  soluble  in 
water.  The  presence  of  ammomnm  salts  slightly  increases  its  soln- 
bility  (Expt.  No.  48).  When  heated  in  close  Teseels,  it  leaves  lead 
auboxide ;  bnt  when  heated  with  access  of  air,  the  yellow  oxide. 

e.  Lead  oxide,  prodaced  by  igniting  the  carbonate  or  oxalate, 
is  a  lemon-yellow  fiowder,  inclining  sometimes  to  a  reddish-yellow, 
or  to  a  pale  yellow.  When  this  yellow  lead  oxide  is  heated,  it 
assames  a  brownish-red  color,  without  the  slightest  variation  of 
weight.  It  fuses  at  an  intense  red  heat.  Ignition  with  charcoal 
reduces  it.  When  exposed  to  a  white  beat,  it  rises  in  vapor.  Placed 
apon  moist  red  litmus  paper,  it  changes  the  color  to  blue.  When 
exposed  to  the  air,  it  slowly  absorbs  carbonic  acid.  Mixed  with 
ammonium  chloride  and  ignited,  it  ia  converted  into  lead  chloride. 
Lead  oxide  in  a  state  of  fusion  readily  dissolves  silicic  acid  and  the 
earthy  bases  with  which  the  latter  may  be  combined. 

OOMPOsrnoH. 

Pb 20T  92-88 

0 16  1-11 


d.  Lead  stdphate  is  a  heavy  white  powder.  It  dissolves,  at 
the  common  temperature,  in  22800  parts  of  pure  water  (£xpt.  l^o. 
49*) ;  it  ia  less  soluble  in  water  containing  sulphuric  acid  (1  part 
requiring  36500  parts — Expt.  Ko.  50) ;  it  is  far  more  readily  solu- 
ble in  water  containing  ammonium  salts ;  from  this  solution  it  may 
be  precipitated  again  by  adding  sulphuric  acid  in  excess  (Expt.  No. 
51).  It  is  almost  entirely  insoluble  in  common  alcohol.  Of  the 
ammonium  salts,  the  nitrate,  acetate,  and  tartrate  are  more  espe- 
cially suited  to  serve  as  solvents  for  lead  sulphate :  the  two  latter 
Baits  are  made  strongly  alkaline  by  addition  of  ammonia,  previous 
to  use  (Wackbhbodbb).  Lead  sulphate  dissolves  in  concentrated 
hydrochlorio  acid,  upon  heating.  In  nitric  acid  it  dissolves  the 
more  readily,  the  more  concentrated  and  hotter  the  acid ;  water 
fails  to  precipitate  it  from  its  solution  in  nitric  acid ;  but  the  addi- 
tion of  a  copioQB  amount  of  dihite  sulphuric  acid  causes  its  precipi- 
*  AccordiDg  to  O.  F.  Bodwbll  1  part  dUsolToa  in  SI6M  parts  vater  at  15* 
(Cbem.  News,  18C0.  M). 
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totion  from  this  eolation.  The  more  nitric  acid  the  solution  con- 
tains, the  more  enlphnric  acid  is  required.  It  diaaolvee  sparingly 
in  concentrated  sulphuric  acid,  and  the  dissolved  portion  precipi- 
tates again  upon  diluting  with  water  (more  completely  upon  addi- 
tion of  alcohol).  A  moderately  concentrated  solution  of  sodium 
thiosulphate  dissolves  lead  sulphate  completely  even  if  cold,  more 
readily  if  warmed.  On  hoiling,  the  solution  becomes  black,  from 
separation  of  a  small  quantity  of  lead  sulphide  (J.  Lowe*).  The 
solutionB  of  alkali  carbonates  and  alkali  hydrogen  carbonates  con- 
vert lead  sulphate,  even  at  the  common  temperature,  completely 
into  lead  carbonate.  The  solutions  of  the  normal  alkali  carbonates, 
hut  not  those  of  the  alkali  hydrogen  carbonates,  diteolve  some  lead 
oxide  in  this  process  (H.  BosEf)-  Lead  sulphate  dissolves  readily 
in  hot  solutions  of  potassa  or  soda.  It  is  unalterable  in  the  air,  and 
at  a  gentle  red  heat ;  when  exposed  to  a  full  red  heat,  it  fuses  with- 
out decomposition  (Expt.  No.  52),  provided  always  redncing  gasea 
be  completely  exclnded — for,  if  this  is  not  the  case,  the  weight  will 
continually  diminish,  owing  to  reduction  to  sulphide  (EsDMAini^). 
At  a  white  heat  the  whole  of  the  sulphuric  acid  gradually  escapes 
(BonsBiNOAULT  §).  When  it  is  ignited  with  charcoal,  lead  sulphide 
is  formed  at  first ;  if  the  heat  be  raised,  this  sulphide  reacts  on 
undecomposcd  sulphate,  metallic  lead  and  sulphur  dioxide  being 
produced.  Fnsion  with  potassium  cyanide  reduces  the  whole  of 
the  lead  to  the  metallic  stata  Lead  sulphate  mixed  with  sulphur 
and  exposed  to  intense  ignition  in  a  current  of  hydrogen  yields 
the  sulphide,  but  loss  can  scarcely  be  avoided  {ocaaptx^J^. 

coHPOsrrioN. 
fin^O^PK-PbO     ....     223  73.60 


e.  Lead  cAZomZe  obtained  by  precipitation  is  a  white  crystalline 
powder.  It  separates  in  needles  from  a  hot  solution  containing  a 
certain  quantity  of  hydrochloric  acid;  occasionally  it  presents 
wedge-shaped  crystals,  or  when  separated  from  a  strong  hydro- 
chloric solution,  hexagonal  tables.     At  17°'7  water  dissolves  '946 

"  Journ.  r.  prakt.  Chem.  74,  846.  |  Pogg.  Annal.  SS,  420. 

X  Joum.  i.  prakt  Chem.  02,  381.  g  ZeiCschr.  f.  aoaL  Cbem.  7,  244. 
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per  cent.;  a  fluid  coutaioing  15  per  cent  of  hydrocLloric  acid  of 
1*162  Bp.  gr.  dissolves  'OSO ;  a  flnid  containing  30  per  cent,  acid 
difisolves  -111  per  cent.;  a  fluid  containing  80  per  cent,  acid  dis- 
solres  1'498  per  cent.  Pure  hydrochloric  acid  of  the  above  strength 
dissolves  2-900  per  cent,  (J.  Cabtbk  Bell*).  Lead  chloride  is 
lees  soluble  in  water  containing  nitric  acid  than  in  water  (1  part 
requires  1636  parte,  Bisohof).  It  is  extremely  sparingly  soluble 
in  alcohol  of  70  to  80  per  cent.,  and  altogether  insoluble  in  absolute 
alcohol. .  It  is  unalterable  in  the  air.  It  fuses  at  a  temperature 
below  red  heat,  without  loss  of  weight.  When  exposed  to  a  higher 
temperature,  with  access  of  air,  it  volatilizes  slowly,  being  partially 
decomposed ;  chlorine  gas  escapes,  and  a  mixture  of  lead  oxide  and 
chloride  remains. 

cojcposmoN. 

Pb 207-00  74-48 

01. 70-92  25-52 

277-93  100-00 

f.  Lead  »ulphide,  prepared  in  the  wet  way,  is  a  black  precipi- 
tate, insoluble  in  water,  dilute  acids,  alkalies,  and  alkali  sulphides. 
In  precipitating  it  from  a  solution  containing  free  hydrochloric 
acid,  it  is  necessary  to  dilute  plentifully,  otherwise  the  precipitation 
will  be  incomplete.  Even  if  a  fluid  only  contain  2-5  per  cent.  HCl, 
the  whole  of  the  lead  will  not  be  precipitated  (M,  Mabtin  f).  It 
is  unalterable  in  the  air;  it  cannot  be  dried  at  100°  without 
decomposition.  According  to  H.  Koss  it  increases  perceptibly  in 
weight  by  oxidation  ;  in  the  case  of  long-protracted  drying  even 
becoming  a  few  per-cents  heavier.:^  I  have  couflrmed  his  state- 
ment (see  Expt.  No.  53),  If  lead  sulphide  mixed  with  sulphur  is 
heated  gently  in  a  current  of  hydrogen,  so  that  the  lower  quarter 
of  the  crucible  is  red  hot,  lead  sulphide  is  left  without  loss  of 
weight.  By  continuing  a  gentle  heat  the  weight  gradually  dimin- 
ishes; by  strong  ignition  the  loss  is  rapid.  This  loss  is  partly 
owing  to  volatilization  of  lead  sulphide,  but  mainly  to  escape  of 
sulphur  in  the  form  of  hydrogen  sulphide  and  formation  of  Pb,S, 
or  even  of  lead  (A.  Soiichat§).     It  dissolves  in  concentrated  hot 

•  Jonr.  Chem.  Soc,  (3)  6,  865.  f  Joam-  *-  prakt  Chem,  87,  874. 

t  Fogg.  Anoal.  91,  110;  and  110,  1&4.       g  Zeltacbr.  t  anal.  Chem.  4,  68. 
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Iiydrochloric  acid,  with  evolotion  of  bydrogea  snlpliide.  In  mod- 
erately strong  nitric  acid  lead  snlpliido  disaolvee,  upon  the  applica- 
tion of  heat,  with  separation  of  sulphur; — if  the  acid  is  rather  con- 
centrated, a  small  portion  of  lead  sulphate  is  also  formed.  Fuming 
nitric  acid  acta  eneigetically  upon  lead  snlphide,  and  converte  it 
into  sulphate  without  separation  of  sulphur. 


Pb 207  86-61 

8 32  13-39 


g.  For  the  composition  and  properties  of  lead  ehromate^  see 
CJawnic  acid,  §  93. 

§84. 

3.  Mebouby  in  Mebcuboub  Cohpoonds  ;    and  4.  Mesoukt  nt 
Mercdbic  Compounds. 

Mercury  is  weighed  either  in  the  ic btallic  state,  as  hercdbotjb 
CHLOKIDE,  or  as  BCLPHiDE,  Of  occasiouatly  as  hebcttbic  oxide. 

a.  Metallic  mercury  is  liquid  at  tlie  common  temperature ;  it 
has  a  tin-white  color.  Wben  pure,  it  presents  a  perfectly  bright 
surface.  It  is  quite  unalterable  in  the  air  at  the  common  tempera" 
ture.  It  boils  at  360°,  It  evaporates,  but  very  slowly,  at  the 
ordinary  temperature  of  summer.  Upon  long-continued  boiling 
with  water,  a  small  portion  of  mercury  volatilizes,  and  traces  escape 
along  with  the  aqueous  vapoi-,  whilst  a  vety  minute  proportion 
remains  snspended  (not  dissolved)  in  the  water  (comp.  Expt,  No, 
54).  This  suspended  portion  of  mercury  subsides  completely  after 
long  standing.  When  mercury  is  precipitated  from  a  fluid,  in  a 
very  minutely  divided  state,  the  small  globules  will  readily  unite 
to  a  large  one  if  the  mercury  be  perfectly  pure ;  but  even  the 
slightest  trace  of  extraneous  matter,  such  as  fat,  etc,  adhering  to 
the  mercury  will  prevent  the  union  of  the  globules.  Mercury 
does  not  dissolve  in  hydrochloric  acid,  even  in  concentrated ;  it  is 
barely  soluble  in  dilute  cold  sulphuric  acid,  hut  dissolves  readily  in 
nitric  acid- 

}.  Mercuroue  chloride,  prepared  in  tlie  wet  way,  is  a  heavy 
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white  powder.  It  is  almost  abeolatelj  iosolable  in  cold  water ;  in 
boQing  water  it  ie  gradually  decomposed,  the  water  taking  np 
flbloriDO  and  mercury ;  upon  continued  boiling,  the  residue  acquires 
a  gray  color.  Highly  dilate  hydrocbloric  acid  fails  to  dissolve  it 
at  the  common  temperature,  but  disBolves  it  slowly  at  a  higher 
temperature ;  upon  ebullition,  with  accefe  of  air,  the  whole  of  the 
mercurouB  chloride  is  gradually  dissolved ;  the  solution  contains  mer- 
curic chloride  {Hg.Cl.  +  2HC1  +  0= 2H^1,  +  H,0).  "W  hen  acted 
upon  by  boiling  concentrated  hydrochloric  add,  it  is  rather  speedily 
decomposed  into  mercnry,  which  remains  undissolved,  and  raer- 
cnric  chloride,  which  dissolves.  Boiling  nitric  acid  dissolves  it  to 
mercuric  chloride  and  nitrate.  Chlorine  water  and  uitrohydrochlo- 
ric  acid  dissolve  it  to  mercuric  chloride,  even  in  the  cold.  Solutions 
of  ammonium  chloride,  sodium  chloride,  and  potassium  chloride, 
decompose  it  into  metallic  mercury  and  mercuric  chloride,  which 
latter  dissolves ;  in  the  cold,  this  decomposition  is  but  slight ;  heat 
promotes  the  action.  It  is  soluble  in  hot  solution  of  mercurous 
nitrate,  and  still  more  in  that  of  mercuric  nitrate ;  on  cooling  it 
crystallizes  out  almost  completely  (Debbat*).  It  does  not  affect 
vegetable  colors ;  it  is  unalterable  in  the  air,  and  may  be  dried  at 
100°,  without  loss  of  weight ;  when  exposed  to  a  higher  degree  of 
heat,  though  still  below  redness,  it  volatilizes  completely,  without 
previous  fusion. 

COMPOSmOH, 

Hg, 400-00  84-94 

01, 70-92  15-06 

470-93  100-00 

(J.  Merourio  su^hide,  prepared  in  the  wet  way,  is  a  black  pow- 
der, insolnble  in  water.  Dilnte  hydrochloric  acid  and  dilute  nitric 
acid  fail  to  dissolve  it,  hot  concentrated  nitric  acid  scarcely  attacks 
it,  boiling  hydrochloric  acid  has  no  action  on  it.  By  prolonged 
heating  with  red  fuming  nitric  acid  it  is  finally  converted  into  a 
white  compound,  2HgS  +  Hg(NO,)„  which  is  insoluble,  or  barely 
soluble,  in  nitric  acid.  It  dissolves  readily  in  nitrohydrochloric 
acid.  From  a  solution  of  mercnric  chloride  containing  much  free 
hydrochloric  add,  the  whole  of  the  metal  cannot  be  precipitated  as 

*  Compt  Read.  70,  99S. 
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Bulpliide  by  meane  of  hydrogen  sulphide,  nntil  the  solation  is  prop- 
erly dilated.  Shonld  each  a  solation  be  very  concentrated,  mei^ 
curous  chloride  and  aulphnr  are  precipitated  (M.  Mabtin*).  Solu- 
tion of  potafl&a,  even  boiling,  fails  to  dissolve  it.  It  dissolves  in 
potasainm  sulphide,  but  readily  only  in  presence  of  free  alk&lL  It 
in  inaoluble  in  potassinm  hydrosalphide  and  in  the  corr^ponding 
uodinm  compound,  and  is  therefore  precipitated  from  its  solation 
ill  potassium  or  sodium  sulphide  by  hydrogen  snlphide  or  by 
ammoniam  hydrosalphide  (0.  BABFOBDt).  Small  bat  distinctly 
perceptible  traces  dissolve  on  cold  digestion  with  yellowish  or  yel- 
low ammoniam  enlpliide,  but  after  hot  digestion  it  ia  scarcely  possi- 
ble to  detect  any  traces  in  solution4  Fotassinm  cyanide  and  sodium 
sulphite  do  not  dissolve  it.  On  aeconnt  of  the  solubility  of  mer^ 
cnrio  sulphide  in  potassinm  sulphide,  it  ia  impossible  to  precipitate 
mercury  by  means  of  ammonium  sulphide  completely  from  solutions 
containing  potassium  or  sodium  hydroxides  or  carbonates.  Such 
solutions  may  occnr,  for  instance,  when  a  solution  of  mercuric 
chloride  contains  much  potassium  chloride,  or  sodium  chloride,  for, 
in  this  case,  no  mercuric  oxide  would  be  precipitated  on  the  addi- 
tion of  potassa  or  soda  (H.  Eo3E§).  In  the  air  it  is  unalterable, 
even  in  the  moist  state,  and  at  100°.  When  exposed  to  a  higher 
temperature,  it  sublimes  completely  and  unaltered. 

COMPOSmON. 

Hff 200  86-21 

S 82  13-T9 

232  100-00 

d,  Mercurio  oxide,  prepared  in  the  dry  way,  is  a  crystalline 
brick-colored  powder,  which,  when  exposed  to  the  action  of  beat, 
clianges  to  the  color  of  cinnabar,  and  snbsequently  to  a  violet-blade 
tint.  It  bears  a  tolerably  strong  heat  without  decomposition ;  but 
when  heated  to  incipient  redness,  it  is  decomposed  into  mercury 
and  oxygen ;  perfectly  pure  mercuric  oxide  leaves  no  residue  upon 
ignition.  Its  escaping  fumes  also  should  not  redden  litmus-paper. 
"Water  takes  up  a  trace  of  mercuric  oxide,  acquiring  thereby  a  very 
weak  alkaline  reaction.  Hydrochloric  or  nitric  acid  dissolves  it 
readily. 

'  Jouni.  f.  prakt  Ghem.  07,  876.  t  Zeilschr.  I.  EiDal.  Cliem.  4.  480. 

J  lb.  8, 140.  g  Pogg.  AnnaL  110,  141. 
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COMPOSITION. 


Hg 200  92-59 

O 16  7-41 

216  100-00 


§85. 
5.  Coffer. 

Copper  is  usually  weighed  in  the  kbtazxio  btatb,  or  in  the 
form  of  cnPBic  oxiDS,  or  of  cufbods  sulfhidb.  Besides  these 
forms,  we  have  to  examine  cdpbio  solphide,  cufboub  oxide,  and 

CDPBOnS   SULFHOCYANATE. 

a.  Copper,  in  the  pure  state,  is  a  metal  of  a  pecoliar  well- 
known  color.  It  foees  only  at  a  white  heat.  Exposure  to  dry  air, 
or  to  moist  air,  free  from  carbon  dioxide,  leaves  the  fused  metal 
unaltered;  but  upon  exposure  to  moist  air  impregnated  with 
carbon  dioxide,  it  becomes  gradually  tarnished  and  coated  with  a 
film,  first  of  a  blackish-gray,  finally  of  a  bluish-green  color.  Pre- 
cipitated finely  divided  copper,  in  contact  ^ith  water  and  air, 
oxidizes  far  more  quickly,  especially  at  an  elevated  temperature. 
On  igniting  copper  in  the  air,  it  oxidizes  superficially  to  a  varying 
mixture  of  cuprous  and  cnpric  oxide.  In  hydrocliloric  acid,  in  the 
cold,  it  does  not  dissolve  if  air  be  excluded ;  in  the  heat  it  dissolves 
but  slightly  if  the  metal  is  in  a  compact  state.  Finely  divided 
copper  on  the  contrary  dissolves  slowly  when  heated  with  strong 
hydrochloric  acid,  hydrogen  being  evolved  and  cuprous  chloride 
being  formed  (Wkltzikn*).  Copper  dissolves  readily  in  nitric 
.  acid.  In  ammonia  it  dissolves  slowly  if  free  access  is  given  to  the 
air;  but  it  remains  insoluble  if  the  air  is  excluded.  Metallic 
copper  brought  into  contact  in  a  closed  vessel  with  solution  of 
cupric  chloride  in  hydrochloric  acid,  reduces  the  oupric  to  cuprous 
chloride,  an  atom  of  metal  being  dissolved  for  every  molecule  of 
chloride. 

h.  Owpria  oxide. — If  a  dilute,  cold,  aqueous  solution  of  a  cupric 
salt  is  mixed  with  solution  of  potassa  or  soda  in  excess,  a  light  blue 
precipitate  of  cupric  hydroxide,  Cn(OH)„  is  formed,  which  it  is 
found  difficult  to  wash.    If  the  precipitate  be  left  in  the  fluid 

•  Ann.  d.  Chem.  u.  Pbami.  188,  109. 
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from  whiclL  it  has  been  precipitated,  it  will,  even  at  a  t 
heat,  gradually  change  to  brownish-black,  passing,  with  separation 
of  water,  into  6CuO  +  H,0  (Sodohay).  This  tranaformation  ia 
immediate  npon  heating  the  fluid  nearly  to  boiling.  The  flnid 
Altered  oS  from  the  black  precipitate  is  free  from  copper.  It 
follows  from  this  that  the  black  precipitate  is  insoluble  in  dilute 
potassa.  Concentrated  potassa  or  soda  on  the  contrary  dissolves  the 
hydroxide,  and  on  long  wanning  even  the  black  oxide  (O.  Low*). 
The  rosnlting  blue  Bolntiona  remain  clear  on  boiling,  even  if  mixed 
with  some  water ;  bnt  if  boiled  after  being  much  diluted  the  whole 
of  the  copper  will  separate  as  black  oxide.  If  a  solution  of  a 
cnprio  salt  oontainB  non-volatile  oiganic  sabstaneee,  the  addition  of 
alkali  in  excess  will,  even  upon  boiling,  fail  to  precipitate  the 
whole  of  the  copper.  The  hydratod  cnpric  oxide,  6CuO  +  H,0, 
precipitated  with  potassa  or  soda  from  hot  dilute  solutions  obsti  - 
nately  retains  a  portion  of  the  precipitant ;  it  may,  however,  be 
completely  freed  from  this  by  washing  with  boiling  water.  The 
precipitated  oxide  after  ignition,  or  the  oxide  prepared  by  decom- 
posing cnpric  carbonate  or  nitrate  by  heat,  is  a  brownish-black,  or 
black  powder,  the  weight  of  which  remains  unaltered  even  upon 
strong  ignition  over  the  gas-  or  spirit-larop,  provided  all  reducing 
gases  be  excluded  (£xpt.  No.  56).  If  cupric  oxide  ia  exposed  to  a 
heat  approaching  the  fusing  point  of  metallic  copper,  it  fueee, 
yields  oxygen,  and  becomes  Cn,0,  (Favrb  and  Maiimene).  It  is 
very  readily  reduced  by  ignition  vrith  charcoal,  or  under  the  in- 
fluence of  reducing  gases ;  heated  in  the  air  for  a  long  time,  the 
reduced  metallic  copper  re-oxidizes.  Mixed  with  sulphur  and 
ignited  in  a  current  of  hydrogen,  towards  the  end  strongly,  cnpric 
oxide  passes  into  cuprous  sulphide  (Cu,S — H.  Rose).  Cupric  oxide, 
in  contact  with  the  atmosphere,  absorbs  water ;  less  rapidly  after 
being  strongly  ignited  (Expt.  No,  57).  It  is  nearly  insoluble  in 
water;  but  it  dissolves  readily  in  hydrochloric  acid,  nitric  acid, 
&c;  lees  readily  in  ammonia.     It  doee  not  afEect  vegetable  ooloiB. 


ooMPoemoN, 
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c  Cupric  au^hide,  prepared  in  the  vet  way,  is  a  browDish- 
Mack,  or  black  precipitate,  almost  abeolately  insoluble  in  water.* 
Wlien  exposed  to  the  air  in  a  moist  state,  it  acqniree  a  greenisli 
tint  and  the  property  of  reddening  litmus  paper,  cupric  solphatc 
being  formed.  Hence  the  sulphide  must  be  washed  with  watei- 
containing  hydrogen  enlphide.  It  dissolves  readily  in  boiling 
nitric  acid,  with  separation  of  snlphur.  Hydrochloric  acid  dis- 
solves it  with  difficnlty.  This  is  the  reason  why  hydrc^n  snlphide 
precipitates  copper  entirely  from  solutions  which  contain  even  a 
very  large  amount  of  free  hydrochloric  acid  (GRUHDMAMNf).  Only 
when  we  dissolve  a  copper  salt  directly  in  pnre  hydrochloric  acid 
of  I'l  Bp.  gr.  does  any  copper  remwn  nnprecipitated  (M.  Mabtinj:). 
It  does  not  dissolve  in  solutions  of  potassa  and  of  potassium 
snlphide,  particularly  if  th^e  solutions  be  boiling;  it  dissolves 
perceptibly  in  colorless,  and  nmch  more  readily  in  hot  yellow 
.ammonium  sulphide.  Potassium  cyanide  dissolves  the  freshly  pre- 
cipitated snlphide  readily  and  completely.  Upon  intense  ignition 
in  a  current  of  hydrogen  it  is  converted  into  pure  Cn,S. 

d.  If  the  blue  solution  which  is  obtained  upon  adding  to  solu- 
tion of  copper  tartaric  acid  and  then  soda  in  excess,  is  mixed  with 
solution  of  grape  sugar  or  sugar  of  milk,  and  heat  apphed,  an 
orange-yellow  precipitate  of  cuprous  hydroxide  is  formed,  whidi 
contains  the  whole  of  the  copper  originally  present  in  the  solu- 
tion, and  after  a  short  time,  more  particularly  upon  the  applica- 
tion of  a  stronger  heat,  tnmB  red,  owing  to  the  conversion  of  the 
hydroxide  into  anhydrous  cuprous  oxide  (C3u,0).  The  precipitate, 
which  is  insoluble  in  water,  retains  a  portion  of  alkali  with  con- 
eiderable  tenacity.  When  treated  with  dilute  sulphuric  acid,  it 
gives  cupric  sulphate  which  dissolves,  and  metallic  copper  whic)i 
separates. 

e.  Ch^mma  aulphoeyanaie,  Ou,(CN"S)„  which  is  always  formed 
when  potassium  sulphocyanate  is  added  to  a  solution  of  copper,  mixed 
with  sulphurous  or  hypophosphorous  acid,  is  a  white  precipitate  in- 
soluble in  water,  as  well  as  in  dilute  hydrochloric  or  sulphuric 
acid.  Dried  at  115°,  the  salt  retains  from  1  to  3  per  cent,  of  water, 
which  is  driveu  oS  only  by  heating  to  incipient  decomposition ; 
it  is,  therefore,  not  well  adapted  for  direct  weighing.    When 

*  In  Mme  ezperiroentB  tbat  I  made  Then  examining  the  Weilbscb  waUr,  I 
found  that  about  9GOO0O  parts  of  water  are  requlrad  to  dissolve  1  part  of  CoB. 
t  Joura.  f.  piakt.  Chem.  78,  241.  t  i^-  Vt,  STS. 
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ignited  with  sulphnr,  witii  excluBioa  of  air,  it  chaugee  to  Cu^ 
(RivoT*).  When  heated  with  hydrochloric  acid  and  potaBsinm 
chlorate,  or  with  ealphuric  acid  and  nitric  acid,  it  is  dissolved 
and  BirSers  decomposition.  Solntions  of  potaasa  and  soda  separata 
hjdrated  cuprous  oxide,  with  formation  of  snlphocjanate  of  the 
alkali  metal, 

f.  Ouproua  mdpAide,  prodnced  by  heating  CnS  in  a  cnrrent  of 
hydrogen  or  Ca,(CNS),  with  enlphur,  is  a  grayish-black  crystalline 
mass,  which  may  be  ignited  and  f  osed  without  decompoeitioD  if 
the  air  is  exdaded. 

ooxposmoit. 
oil,    ...    .    126-80  79-85 

S 3300  20-15 


6.    BiSlCDTH. 

Bismnth  is  weighed  as  ozidb,  as  uerAi.,  or  as  chbomatb 
(Bi,0,3CrOJ.    BasideB  these  compounds,  we  have  to  study  here 

the  RASIO   CABBOHATE,  the   HABIO   NTTBATB,  the   BASIC   CHLOBIDK,  and 

the  euLPBiDE. 

a.  BtetmitK  trioteide,  prepared  by  igniting  the  carbonate  or 
nitrate,  is  a  pale  lemon-yellow  powder  which,  under  the  inflnenoe 
of  heat,  asBumes  transiently  a  dark  yellow  or  reddish-brown  color. 
When  heated  to  intense  redness,  it  fuses,  without  alteration  of 
weight.  Ignition  with  charcoal,  or  in  a  cnrrent  of  carbon  mon- 
oxide, reduces  it  to  the  metallic  state.  Fusion  with  potassium 
cyanide  also  effects  its  complete  reduction  (H.  RosEf).  It  is  in- 
soluble in  water,  and  does  not  affect  vegetable  colors.  It  dissolves 
readily  in  those  acids  which  form  soluble  salts  with  it.  When 
ignited  with  ammonium  chloride  it  gives  metallio  bismuth,  the 
reduction  being  attended  with  deflagration. 

OOMPOSmON. 

Bi. 416  89-655 

0 48  10-345 
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b.  MetcJMc  hism-uth  is  white,  with  a  reddish  tinge,  moderately 
hard,  brittle,  with  a  tendency  to  crystallize.  It  fusee  at  264°,  and 
at  a  low  white  heat  volatilizes.  It  does  not  oxidize  in  the  air  at 
the  ordinary  temperature,  but  with  the  co-operation  of  water  it 
oxidizes  slowly,  more  speedily  on  foBion.  It  dissolves  in  dilate 
nitric  acid. 

c.  Bismuth  carbonate. — Upon  adding  ammonium  carbonate  in 
excess  to  a  solution  of  bismnth,  free  from  hydrochloric  acid,  a 
white  precipitate  of  basic  bismnth  carbonate  (Bi,0,CO,)  is  imme- 
diately formed;  part  of  this  precipitate,  however,  redissolves  in 
the  excess  of  the  precipitant.  But  if  the  fluid  with  the  precipitate 
be  heated  before  filtration,  the  filtrate  will  be  free  from  bismutli. 
(Potassium  carbonate  likewise  precipitates  solntions  of  bismnth 
completely ;  but  the  precipitate  in  this  case  invariably  contains 
traces  of  potassium,  which  it  is  very  difficult  to  remove  by  wash- 
ing. Sodium  carbonate  precipitates  solutions  of  bismuth  less 
completely.)  The  precipitate  is  easily  washed ;  it  is  practically 
insoluble  in  water,  but  dissolves  readily,  with  effervescence,  in 
hydrochloric  and  nitric  acids.     Upon  ignition  it  leaves  the  oxide. 

d.  The  ha»ic  hiamuth  nitrate,  which  is  obtained  by  mixing 
with  water  a  solution  of  the  nitrate  containing  little  or  no  free 
acid,  presents  a  white,  crystalline  powder.  It  cannot  be  washed 
with  pure  cold  water  without  suffering  a  decided  alteration.  It 
becomes  more  basic,  while  the  washings  show  an  acid  reaction,  and 
contain  bismuth.  If  the  basic  salt,  however,  be  washed  with  cold 
water  containing  y^  of  ammonium  nitrate,  no  bismuth  passes 
through  the  filter.  The  solution  of  ammonium  nitrate  must  not 
be  warm.  These  remarks  only  apply  in  the  absence  of  free  nitric 
acid  (J.  Lowe*),  On  ignition  the  basic  nitrate  passes  into  the 
oxide. 

e.  Saaic  bismuth  chloride,  formed  by  adding  much  water  to 
solntion  of  bismuth  containing  hydrochloric  acid  or  sodium 
chloride,  is  a  brilliant  white  powder  (BiOCl  after  drying  at  100°). 
It  is  insoluble  in  water,  but  dissolves  in  concentrated  hydrochloric 
or  nitric  acid.  Fused  with  potassium  cyanide  it  gives  metallic 
bismuth. 

f.  BiamtOk  chromate  (Bi,0„2CrO,),  which  is  produced  by 
adding  potassium  dichromate,  slightly  in  excess,  to  a  solution  of 

•  lb.  74,  Ml. 
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biBmnth  nitrate  ns  neutral  aa  poeaible,  is  an  orange- jrellow,  dease, 
readily-enbeidiog  precipitate,  insoluble  in  water,  even  in  preeeace 
of  eome  free  chromic  acid,  but  soluble  in  hydrochloric  acid  and 
nitric  acid.     It  may  be  dried  at  lOO^-ll^"  wltliout  deoomposition 

(LOWB*). 

OOMPOSmON. 

/Bi  <  Q  >  CrO.^  jjj^Q^  ^^f^         gg^g 


\Bi.<g> 


^^       2CrO.  .     .    200-96        30-23 
664-96       100-00 


g.  BiamiUh  triaviphide,  prepared  in  the  wet  way,  is  a  browniah 
black,  or  black  precipitate,  insolnble  in  water,  dilate  acids,  alkalies, 
alkali  salphides,  eodiam  snlphite,  and  potasBium  cyanide.  In 
moderately  concentrated  nitric  acid  it  diBBolves,  especially  on 
warming,  to  nitrate,  with  separation  of  sulphur.  Hence  in  pr&> 
cipitating  bismuth  from  a  nitric  acid  solution,  care  should  be 
taken  to  dilate  sufficiently.  Hydrochloric  acid  impedes  the  pre- 
cipitation by  hydrogen  sulphide  only  when  a  very  large  excess  is 
present,  and  the  fluid  is  quite  concentrated.  The  sulphide  does 
not  change  in  the  air.  Dried  at  100",  it  continually  takes  up 
oxygen  and  increases  slightly  in  weight ;  if  the  drying  is  protracted 
this  iticreaae  may  be  coneiderable  (Expt.  No.  fiS).  Fused  with 
potassium  cyanide,  it  is  completely  reduced  (H.  Kobe).  Beductioa 
takes  place  more  slowly  by  ignition  in  a  current  of  hydn^n. 


coMPOflrnoN. 

416 

96 

81' 96 

18-75 

512 

100-00 

§8T. 

T.  CADimjii. 

Cadmium  is  weighed  either  as  oxide  or  as  bttlphide.  Besides 
these  Eubetances,  we  have  to  examine  cadmidm  casbonate, 

a.  Cadnmim  Oicide,  produced  by  igniting  the  carbonate  or 
nitrate,  is  a  yellowish-brown  or  reddish-brown  powder.     The  appli- 


*  Jouro.  f.  prekt.  Cbem.  87,  2B1. 
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cation  of  a  white  heat  fails  to  f nee,  volatilize,  or  decompoee  it ;  It 
IB  iDBolable  in  water,  but  diaeolves  readilj  in  acids ;  it  does  not 
alter  vegetable  colors.  Ignition  with  charcoal,  or  in  a  current  of 
hydrogen,  carbon  monoxide,  or  carburett«d  hydrogen,  reduces  it 
readily,  the  metallic  eadminm  eecaping  in  the  form  of  vapor. 

ooHPoernoN. 

Od 112  87-60 

O 16  12-50- 


b.  Cadmium  oarbonaie  is  a  white  precipitate,  insolable  in  water 
and  Uie  fixed  alkali  carbonates,  and  extremely  sparingly  soluble  in 
ammonium  carbonate.  It  loses  its  water  completely  upon  drying, 
^:nition  converts  it  into  oxide. 

0.  Cadmium  avlphide,  produced  in  the  wet  way,  is  a  lemon- 
yellow  to  orange-yellow  precipitate,  insoluble  in  water,  dilute  acids, 
alkalies,  alkali  sniphides,  sodium  sulphite,  and  potaesiom  cyanide 
(Expt,  No.  59).  It  dissolves  readily  in  concentrated  hydrochloric 
acid,  with  evolution  of  hydrogen  sulphide.  In  precipitating,  there- 
fore, with  hydrogen  sulphide,  a  cadmium  solution  should  not 
oontain  too  mnch  hydrochloric  acid,  and  should  be  sufficiently 
diluted.  The  sulphide  dissolves  readily  in  dilute  sulphuric  acid 
on  heating.  It  dissolves  in  moderately  concentrated  nitric  acid, 
with  separation  of  sulphur.  It  may  be  washed,  and  dried  at  100° 
or  105",  without  decomposition,  Even  on  gentle  ignition  in  a 
current  of  hydrogen,  it  volatilizes  in  appreciable  amount  (H. 
Boss*),  partially  unchanged,  partially  as  metallic  vapor. 

COMPOSmOH. 

Cd 113  77-78 
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HSTALS  OF  THE  SIXTH  aROtP. 

§  88. 

1.  Gold. 

Gold  is  always  weighed  in  tlic  metalltc  state.  Besides  xetallic 
OOLD,  we  have  to  consider  the  tkisulphide  or  ackio  sulphide. 

a.  MetaUic  gold,  obtained  by  precipitation,  presents  a  blaekiah- 
brown  powder,  destitnte  of  metallic  lustre,  which  it  assumes,  how- 
ever, upon  pressare  or  friction ;  wlien  coherent  in  a  compact  maes, 
it  exhibits  the  well-known  bright  yellow  color  peculiar  to  it.  It 
fuses  only  at  a  white  heat,  and  resiste,  accordingly,  all  attempts  at 
fasion  over  a  epirit-lainp.  It  remains  wholly  onaltered  in  the  air 
and  at  a  red  heat,  and  is  not  in  the  slightest  degree  affected  by 
water,  nor  by  any  simple  acid.  Nitrohydrochlorio  acid  dissolves 
it  to  trichloride.  Hot  concentrated  sulpharic  acid  containing  a 
little  nitric  acid  dissolves  gold,  especially  if  in  a  finely  divided 
condition,  to  a  yellow  fluid,  from  which  it  is  thrown  down  again 
by  water  {J.  SprLLKKf). 

h.  Auria  sulphide. — Wien  hydrogen  sulphide  is  transmitted 
through  a  cold  dilate  solution  of  auric  chloride,  the  whole  of  the 
gold  separates  as  auric  sulphide,  AnjS,,  in  form  of  a  brownish- 
black  precipitate.  If  this  precipitate  is  left  in  the  fluid,  it  is 
gradually  transformed  into  metallic  gold  and  free  sulphuric  a<nd. 
Upon  transmitting  hydrogen  sulphide  through  a  warm  solution 
of  auric  chloride,  aurons  sulphide  Au,8  precipitates,  ^th  formation 
of  Bulphnric  and  hydrochloric  acids. 

Auric  sulphide  is  insoluble  in  water,  hydrochloric  acid,  and 
nitric  acid,  but  dissolves  in  nitrohydrochlorio  acid.  ColorleGs  am- 
monium sulphide  fails  to  dissolve  it;  hnt  it  dissolves  almost 
entirely  in  yellow  anmionium  aulphide,  aud  completely  upon 
.addition  of  potassa.  It  dissolves  in  potaasa,  with  separation  of 
gold.  Yellow  potassium  sulphide  dissolves  it  eompl^«ly.  It  dis- 
solves in  potassium  cyanide.  Exposure  to  a  moderate  heat  reduces 
it  to  the  metallic  state. 

§89. 
2.  PLATranM. 
Platinum  is  invariably  weighed  in  the  vktaluo  state;  it  is 
t  Chem.  News,  14,  3C0. 
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generally   precipitated   as   auhoniuu    platihic    chlobide,   or  as 

POTABSICM  PLATIHIO  CHLOHIDK,  rarely  as  PLATIHIC   SULpaiDE. 

a.  Metallic  ptatim-wm,  produced  by  igniting  ammonium  platinic 
chloride,  or  potassium  pktinic  chloride,  presents  the  appearance  of 
a  gray,  loBtreless,  porous  mass  (spongy  platinum).  The  fnsion  of 
platinum  can  be  effected  only  at  the  very  highest  degrees  of  heat. 
It  remains  wholly  unaltered  in  the  air,  and  in  the  most  powerful 
fnmaces.  It  is  not  attacked  by  water,  or  simple  acids,  and  scarcely 
by  aqueona  Bolntiona  of  the  alkalies.  Nitrohydrochloric  acid  dis- 
solves it  to  platinic  chloride. 

b.  The  properties  oi  potassium  platmic  chloride,  and  those  of 
ammonium  plaiinio  chloride,  have  been  given  already  in  §§  68 
and  70  respectively. 

c.  Platinic  sulphide. — ^When  a  concentrated  solution  of  pla- 
tinic chloride  is  mixed  with  hydrogen  sulphide  water,  or  when 
hydrogen  Bolphide  gas  is  transmitted  through  a  rather  dilute 
solution  of  the  chloride,  no  precipitate  forms  at  first ;  after  stand- 
ing some  time,  however,  the  solntion  turns  brown,  and  finally  a 
precipitate  subsides.  But  if  the  mixture  of  solution  of  platinic 
chloride,  with  hydrogen  sulphide  in  excess,  is  gradually  heated 
(finally  to  ebullition),  the  whole  of  the  platinum  separatee  as 
platinic  sulphide  (free  from  any  admixture  of  platinic  chloride). 
Platinic  sulphide  is  insoluble  in  water  and  in  simple  acids ;  but  it 
dissolvcB  in  nitrohydrochloric  acid.  It  dissolves  partly  in  caustic 
alkahes,  with  separation  of  platinum,  and  completely  in  alkali 
sulphides,  especially  the  poiysulphides  if  used  in  sufiScient  excess. 
When  hydrogen  sulphide  is  transmitted  through  water  holding 
minutely  divided  platinic  sulphide  in  suspension,  the  sulphide, 
absorbing  hydrogen  sulphide,  acquires  a  light  grayish-brown  color ; 
the  hydrogen  sulphide  thus  absorbed,  separates  again  apon  exposure 
to  the  air.  When  moist  platinic  sulphide  is  exposed  to  the  air,  it 
is  gradually  decomposed,  being  converted  into  metallic  platinum 
and  sulphuric  acid.  Ignition  in  the  air  reduces  platinic  sulphide  to 
metallic  platinnm. 


Antimony  is  weighed  as  ANTtMosious  soipbidb,  as  astthoitt 
TETBoxiDE  (or  AiiTDioiiions  AimHoNATx);  or  moro  rarely  in  the 
METALLIC  state. 
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a.  Upon  transmitting  hydrogen  Bulphide  throngh  a  solution  of 
antimonions  chloride  mixed  with  tartaric  acid,  an  orange  precipi- 
tate of  amorphous  antimonioue  sulphide  is  obtained,  mixed  at  first 
with  a  small  portion  of  basic  antimon;  chloride.  However,  if  the 
fluid  is  thoroughly  saturated  with  hydrogen  sulphide,  and  a  gentle 
heat  applied,  the  chloride  mixed  with  the  precipitate  is  decom- 
posed, and  pnre  antimonions  sulphide  obtained.  Antimonions 
sulphide  is  insoluble  in  water  and  dilute  acids ;  it  dissolves  in  con- 
centrated hydrochloric  acid,  with  evolution  of  hydrogen  sulphide. 
In  precipitating  with  hydrogen  sulphide,  therefore,  antimony 
solntiooa  should  not  contain  too  much  free  hydrochloric  acid,  and 
should  be  sufficiently  diluted.  The  amorphous  antimonions  sul- 
phide dissolves  readily  in  dilute  potassa,  ammonium  sulphide,  and 
potassium  sulphide,  sparingly  in  ammonia,  very  slightly  in  ammo- 
nium carbonate,  and  not  at  all  in  hydrogen  potassium  sulphite. 
The  amorphous  sulphide,  dried  in  the  desiccator  at  the  ordinary 
temperature,  loses  very  little  weight  at  100°;  if  kept  for  some 
time  at  this  latter  temperature  its  weight  remains  constant.  Bnt 
it  still  retains  a  little  water,  which  does  not  perfectly  escape  even 
at  190°,  but  at  200°  the  sulphide  becomes  anhydrous,  turning 
black  and  crystalline  (II.  Boss*  and  Expt.  No.  60).  Ignited 
gently  in  a  stream  of  carbon  dioxide,  the  weight  of  this  anhydroos 
sulphide  remains  constant ;  at  a  stronger  heat  a  small  amount 
volatilizes.  The  amorphous  sulphide,  if  long  exposed  to  the  action 
of  air,  in  presence  of  water,  slowly  takes  up  oxygen,  so  that  on 
treatment  with  tartaric  acid  it  yields  a  filtrate  containing  anti- 
mony. 

Antimonic  sulphide  is  insoluble  in  water,  also  in  water  con- 
taining hydrogen  sulpliide.  It  dissolves  completely  in  ammonia, 
especially  on  warming;  traces  only  dissolve  in  ammonium  car- 
bonate. On  heating  dried  antimonic  sulphide  in  a  current  of 
carbon  dioxide  3  atoms  of  sulphur  escape,  black  crystalline  anti- 
moDious  sulphide  reoLaining. 

On  treating  antimonioua  or  antimonic  sulphide  with  fuming 
nitric  acid  violent  oxidation  sets  in.  We  obtain  first  antimonio 
acid  and  pulverulent  sulphur ;  on  evaporating  to  dryness  antimonio 
acid  and  sulphuric  acid  ;  and  lastly  on  igniting  antimony  tetroxide. 
The  same  antimony  tetroxide  is  obtained  by  igniting  the  sulphide 


"  Joum.  f.  prakt  Chem.  69,  BSl. 
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with  30  to  50  times  its  amoTiiit  of  tnerenric  oxide  (Bcnben*). 
[According  to  later  invratigations  of  BuiisEiN,t  the  temperature 
neceasary  to  redace  Sb,0,  to  Sb,0,  lies  so  near  that  which  reduces 
8b,0,  to  Sb,0,  that  it  ib  not  easj  to  bring  antimony  into  Sb,0.  for 
weighing.  It  is  possible  only  by  using  a  large  covered  platinum  or 
rather  large  open  porcelain  crucible  (by  aaitable  choice  of  size  of 
cnicihle  and  intensity  of  flame)  and  heating  with  a  gas  blast  lamp 
BO  that  the  bottom  only  of  the  cmoible  reaches  a  strong  red  heat, 
to  drive  off  exactly  one  atom  of  oxygen  from  Sb,0,.]  Ignition  in 
a  ODTTent  of  hydrogen  converts  the  snlphidea  of  antimony  into  the 
metallic  state. 

OOMFOBmOIT. 

sb,  .  .  .  .  344-00         ri-n 

S.      ....       96-00  28-23 

840-00  100-00 

h.  Antimony  t^nxoide  is  a  white  powder,  which,  when  heated, 
acquires  transiently  a  yellow  tint ;  it  is  infusible ;  it  loses  weight 
when  ignited  intenfiely  in  a  small  platinum  crucible  with  a  gas 
blast  flame  (BuHSGirt).  It  is  almost  insoluble  in  water,  and  dis- 
solves in  hydrochloric  acid  with  very  great  difficnlty.  It  undergoes 
no  alteration  on  treatment  with  ammonium  solphide.  It  manifests 
an  acid  reaction  when  placed  upon  moist  litmus-paper. 


ooUFosmoir. 


8b. 
O. 


100-00 


e.  Metallic  anHnwny,  produced  in  the  wet  way,  by  precipita- 
tion, presents  a  lustreless  black  powder.  It  may  be  dried  at  100° 
withoat  alteration.  It  fuses  at  a  moderate  red  heat.  Upon  ignition 
in  a  cnrrent  of  gas,  e.ff.,  hydrogen,  it  volatilizes,  without  formation 
of  antimonetted  hydrogen.  Hydrochloric  acid  has  very  little 
action  on  it,  even  when  concentrated  and  boiling.  Nitric  acid 
converts  it  into  antimonions  oxide,  mixed  with  more  or  less 

*  Aonalde  Cbem.  u.  Pbann.  106,  9.    \  ZeltKbr.  f.  aoal.  Chem.  1879.  36a 
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antimony  tetroxide,  according  to  the  concentration  of  the  nitric 
acid. 

§91. 

';        4.  Tim  is  Stutnoub  Compo0ND8  ;   and  5.  Tin  in  Stanhic 
CojcpouKoe. 

Tin  is  generallj  weighed  in  the  f onn  of  BTAHinc  oxidk  ;  he- 
sides  stannic  oxide,  we  have  to  examine  stannous  solphide  and 
stannic  sulphide. 

a.  Stannic  oxide. — If  a  solntion  of  an  alkali,  sodium  solphate 
or  ammoninm  nitrate  is  added  to  a  solution  of  stannic  chloride, 
gttmnic  acid  (H,SnO,)  is  precipitated.  This  precipitate  is  solnhle 
in  excess  of  soda,  and  does  not  separate  again  even  on  the  addition 
of  a  large  qnantity  of  soda  (C.  F.  Basfoed*).  It  is  also  readily  , 
soluble  in  hydrochloric  acid. 

By  the  action  of  nitric  acid  on  metallic  tin,  or  by  evaporating 
a  solution  of  tin  with  an  excess  of  nitric  acid,  a  white  residae  is 
obtained  which  is  metasUMinic  add  (Sn,H„0„  ?).  This  residae  is 
insoluble  in  water,  bnt  very  slightly  soluble  in  nitric  add,  or 
sulphuric  acid.  By  heating  witli  hydrochloric  acid  it  does  not 
dissolve,  but  is  changed  to  metastannic  chloride,  which  is  soluble 
in  water  after  removal  of  the  excess  of  hydrochloric  acid.  Soda 
added  to  a  solution  of  metastannic  chloride  precipitates  sodium 
metaetaunate,  which  is  insoluble  in  excess  of  soda  and  in  weak 
alcohol.  Upon  intense  ignition,  both  stannic  and  metastannic  acids 
are  converted  into  stannic  oxide.  Mere  heating  to  redness  is  not 
sufficient  to  expel  all  the  water  (DcMAsf), 

Stannic  oxide  is  a  BtrawH3olored  powder,  which  nnder  the 
influence  of  heat,  transiently  assumes  a  different  tint,  varying  from 
bright  yellow  to  brown.  It  is  insoluble  in  water  and  acids,  and 
does  not  alter  the  color  of  litmus-paper.  Mixed  with  ammoninm 
chloride  in  exce^  and  ignited,  it  volatilizes  completely  as  stannic 
chloride.  If  stannic  oxide  is  fused  with  potassium  cyanide,  all  the 
tin  is  obtained  in  form  of  metallic  globules,  which  may  be  com- 
pletely, and  without  the  least  loss  of  metal,  freed  from  the  adhering 
slag,  by  extracting  with  dilute  alcohol,  and  rapidly  decanting  the 
fluid  from  the  tin  globules  (H.  Ro8e:|:). 

»  Zeilschr.  i.  anal.  Cliem.  7,  260.    f  Annal.  d.  Cbem.  u.  Pharm.  lOS.  104. 
X  Joum.  f.  prakl.  Clicm.  61,  189. 
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Sd 118  78-67 

O, 32  21-33 


h.  ffydrated  etanjunta  sulphide  fonns  a  brown  precipitate, 
insoluble  in  water,  hydrogen  sulphide  water,  and  dilute  acids.  In 
precipitating  tin  from  stauDOus  Eolutions  by  meane  of  hydrogen 
sulphide,  free  hydrochloric  acid  must  not  be  present  in  too  large 
amount,  and  the  solution  must  be  diluted  sufficiently.  Ammonia 
fails  to  dissolve  it ;  but  it  dissolves  pretty  readily  in  yellow  ammo- 
nium sulphide,  and  in  yellow  potassium  sulphide;  it  dissolves 
readily  in  hot  concentrated  hydrochloric  acid.  Heated,  with  exclu- 
sion of  air,  it  loses  its  water,  and  is  rendered  anhydrous ;  when  ex- 
posed to  the  continued  action  of  ^  gentle  heat,  with  free  access  of 
air,  it  is  converted  into  sulphur  dioxide,  which  escapes,  and  stannic 
oxide,  which  remains. 

c.  Sydrated  etarmio  sulphide,  precipitated  by  acids  from  tlie 
solution  of  its  alkali  sulphur  salts,  is  a  light-yellow  precipitate.  In 
washing  with  pure  water,  it  is  inclined  to  yield  a  turbid  filtrate 
and  to  stop  up  the  pores  of  the  filter;  this  annoyance  is  got  over 
by  washing  with  water  containing  sodium  chloride,  ammonium 
acetate,  or  the  like  (Buhskn).  On  drying,  the  precipitate  ossmnes 
a  darker  tint.  It  is  insoluble  in  water ;  it  dissolves  with  difficulty 
in  ammonia,  but  readily  in  potussa,  alkali  sulphides,  and  hot  con- 
ceo^ted  hyclrochloric  acid.  It  is  insoluble  in  hydrogen  potassium 
eurphite.  In  precipitating  tin  from  stannic  solutions  by  hydrogen 
sulphide,  the  solution  should  not  contain  too  much  free  hydro- 
chloric acid,  and  should  be  sniEciently  diluted.  According  to 
C.  F.  Baefoed*  the  precipitates  thus  produced  are  not  pure 
hydrated  stannic  sulphide,  but  a  mixture  of  this  with  stannic  or 
metaatannic  acid,  as  the  case  may  be.  The  precipitate  thrown 
down  from  ordinary  stannic  chloride  keeps  its  yellow  color  even 
after  long  standing  in  the  Itnid,  and  dissolves  completely  in  excess 
of  soda ;  that  thrown  down  from  the  metastannic  chloride  is  first 
white  and  becomes  gradually  yellow,  it  turns  brovm  on  standing 
in  the  fluid  and  dissolves  in  excess  of  soda,  leaving,  however,  a 
considerable  residue  of  sodium  metastannate.     When  heated,  with 

•  Zeltscbr.  f.  anal.  Chem.  7,  361. 
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ej^cluBion  of  air,  stannic  sulphide  loses  its  water  of  hydration,  and, 
at  the  same  time,  according  to  the  degree  of  heat,  one-half  or  one- 
fonrtli  of  its  sulpliur,  becoming  coQverted  either  into  stannous 
sulphide  or  tlie  BCBtjuisniphide  of  tin ;  when  heated  very  slowly, 
with  free  access  of  air,  it  is  converted  into  stannic  oxide,  with  difi- 
engagemcnt  of  sulphur  dioxide. 


6.  Arsenic  of  Arsenious  Compocnds  ;  and  1.  Absenio  of 
Abskxic  CoMPODuns. 

Absenic  is  weighed  either  as  lead  arsenate,  as  abbenioub 

SULPHIDE,  as   A3IM0NIUM  MAGNE8IDM  ARSENATE,  aS  UAONESIUU  PTEO- 

absenate,  or  as  ubanyl  ptroarsenate  ;  besides  these  forma,  we 
have  here  to  examine  also  aesenio-molybdatb  of  AUMOKmiH. 

a.  Lead  arsenate,  in  the  pure  state,  is  a  white  powder,  which 
agglutinates  when  exposed  to  a  gentle  red  heat,  at  the  same  time 
transitorily  acquiring  a  yellow  tint ;  it  fuses  when  exposed  to  a 
higher  degree  of  heat.  When  strongly  ignited,  it  suffers  a  slight 
diminution  of  weight,  losing  a  small  proportion  of  arsenic  acid, 
which  escapes  as  urecnious  oxide  and  oxygon.  In  analysis  we  have 
never  occasion  to  operate  upon  the  pure  lead  arsenate,  hut  upon  a 
mixture  of  it  with  lead  oxide. 

h.  Arsenious  sulphide  forms  a  precipitate  of  a  rich  yellow 
color;  it  is  insoluble  in  water,*  and  also  in  hydrogen  sulphide 
water.  When  boiled  with  water,  or  left  for  several  days  in  con- 
tact with  that  fluid,  it  undergoes  a  very  trifling  decompcnition :  a 
trace  of  arsenious  acid  dissolves  in  the  water,  and  a  minute  pro- 
portion of  hydrogen  sulpbido  is  disengaged.  This  does  not  in  the 
least  interfere,  however,  with  the  washing  of  the  precipitate.  The 
precipitate  may  be  dried  at  100°,  without  decomposition ;  the 
wliole  of  the  water  whicli  it  contains  is  expelled  at  that  tempera- 
ture. When  exposed  to  a  stronger  heat,  it  transitorily  assumes 
a  brownbh-red  color,  fuses,  and  finally  rises  in  vapor,  withont 
decomposition.     It  dissolves  readily  in  alkalies,  alkali  carbonates. 


*  In  some  eiperimeDta  which  I  had  occasion  to  make,  in  the  course  of  an 
nnalyslB  of  the  springs  of  Wellbacb  (Chemische  Unl«rsiichuag  der  wichtigiten 
NassaninchcQ  MIneralwasser  Ton  Dr.  Preseniua,  V.  Schwefelquelle  Eu  Weilbacb. 
Weisbaden,  Ereidel  und  Nieduer.  185fl),  I  found  that  one  part  of  AsiB.  dis- 
eolves  io  about  one  million  parts  of  water. 
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alkali  Bttlphidee,  potassinm  hydrogen  sulphite,  and  nitrohjdro- 
chloric  acid ;  bnt  it  ie  scarcely  soluble  in  boiling  concentrated 
hydrochloric  acid.  Ked  fuming  nitric  acid  converta  it  into  arsenic 
acid  and  sulphuric  acid.    It  is  insoluble  in  carbon  diBulphide. 

composition. 

Ab. 150  60-98 

S, 96  39-02 

246  100-00 

c.  A.mmonium.  Tnagnetvwm  arsenate  forms  a  white,  somewhat 
traoeparent,  finely  crystalline  precipitate,  which  when  dried  in  a 
desiccator  has  the  formula  NH,MgAsO,  +  6H,0.  After  drying 
at  100*",  its  composition  is  (NH,lIgAsO,),  +  H,0.  At  a  higher 
temperatnre,  say  105° — 110°,  more  water  escapee,  and  at  130°  this 
lose  is  considerable  (Pcllgs*).  Upon  ignition  it  loses  water  and 
ammonia,  and  changes  to  magnesinin  pyroarsenate,  MgiAs^O,.  On 
rapid  ignition  the  escaping  ammonia  has  a  reducing  action  on  the 
arsenic  acid,  and  a  notable  loss  is  occasioned  (H.  Kose)  ;  by  raising 
the  heat  very  gradually  reduction  may  be  avoided  (H.  Kose, 
WnrsTEiN,!  Puller),'  or  by  passing  a  current  of  dry  oxygen 
daring  the  ignition.  AmmoDium  magnesium  arsenate  dissolves 
very  sparingly  in  water,  one  part  of  the  salt  dried  at  100°,  requir- 
ing 2656,  one  part  of  the  anhydrous  salt,  2788  parts  of  water  of 
15".  It  is  far  leas  soluble  in  ammoniated  water,  one  part  of  the 
salt  dried  at  100°  requiring  15038,  one  part  of  the  anhydrous  salt, 
15786  parts  of  a  mixture  of  one  part  of  solution  of  ammonia 
(•96  sp.  gr.),  and  3  parts  of  water  at  15°.  In  water  containing 
ammonium  chloride,  it  is  much  more  readily  soluble,  one  part  of 
the  anhydrous  salt  reqoiring  886  partfi  of  a  solution  of  one  part  of 
ammonium  chloride  in  7  parte  of  water.  Presence  of  ammonia 
diminishes  the  solvent  capacity  of  the  ammonium  chloride ;  one 
part  of  the  anhydrous  salt  requires  3014  parts  of  a  mixture  of 
60  parts  of  water,  10  of  solution  of  ammonia  (96  sp.  gr.)  and 
one  of  ammonium  chloride.^  A  solution  of  ammonium  chloride, 
ammonia  and  magnesium  sulphate  diesolvee  much  less  of  the  salt 
than  ammoniated  water ;  thus,  Fullbb  (loc  cit.)  found  that  one 

•  Zeitscbr.  f.  anal.  Cbem.  10,  63.  t  lb.  3,  19. 

%  Zellschr.  f.  anal  Cbem.  8,  206.    Fuller  obtslQiid  almost  the  same  numbers 
ijb.  10,  58). 
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part  of  the  anhydrouE  Bait  dissolved  in  3^827  parts  of  a  flaid  con- 
taining gig  of  magnesia  mixture  (p.  113).  Excess  of  alkali  arsenate 
still  more  diminishes  the  solubilitjr  of  the  salt  in  water  containing 
ammonia  and  ammonium  chloride  (Pulleb). 


COUPOSmON   or   AMUOMKTH   HAONEStnU    AB8ENATE    DBIEO   AT    100°. 

2MgO.    .     .      80-00  21  05 

52-08  13-68 

230  00  60-53 

18-00  4-74 


V^O\g>Mg;-Mo.  -  - 

+H.0 


100-00 


d.  Magneaivm,  jfyroaraenate,  obtamed  b^  careful  ignition  of 
the  preceding  salt,  is  white,  infusible  b;  ignition  in  a  porcelain 
cmcible  even  over  the  blowpipe,  bnt  agglutinating  at  a  still  higher 
temperature,  and  finally  fusing.  After  ignition  in  a  porcelain 
crucible  it  dissolves  readily  in  hydrochloric  acid :  ammonia  pre- 
cipitates ammonium  magnesium  arsenate  from  the  solution  in  a 
crystalline  form. 

OOMPOSmON. 

/AsO  <  g  >  Mg         21^    ...      80  25-81 

\A80<Q>Mg         Afl,0.     ...    230  74-19 

310  100-00 

e.  TJranyl  pyroaraenate. — If  a  solution  of  arsenic  acid  is  mixed 
with  potash  in  slight  excess,  then  with  acetic  acid  to  strongly  acid 
reaction,  and  finally  with  uranyl  acetate,  the  whole  of  the  arsenic 
is  thrown  down  as  UO,HAsO,  -+-  4H,0.  In  the  presence  of  salts 
of  ammonia  the  precipitate  also  contains  the  whole  of  the  arsenic, 
and  consists  of  UO,NH,AbO,  +  water.  Both  precipitates  are  pale 
yellowish-green,  slimy,  insoluble  in  water,  acetic  acid  and  saline 
solutions,  such  as  ammonium  chloride,  soluble  in  mineral  adds. 
Boiling  favors  the  separation  of  the  precipitate,  addition  of  a  few 
drops  of  chloroform  will  help  it  to  settle,  the  washing  is  to  be 
effected  by  boiling  up  and  decanting.  Both  precipitates  give 
(D'O,),As,0,  on  ignition.  The  latter  is  a  light  yellow  residue;  if 
it  has  turned  greenish  from  the  action  of  reducing  gases,  it  maybe 
restored  to  its  proper  color  by  moistening  with  nitric  acid  and 
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Te-igniting.  On  igniting  tlie  ammoniam  uranjl  arsenate,  tlie 
ammonia  most  first  be  expelled  bj  caations  heating,  or  a  cnrrent  of 
oxygen  moBt  be  passed  dnhng  the  ignition,  otherwise  the  arsenic 
acid  will  be  partially  redaced,  and  arsenic  will  be  lost  (Fcllbb*). 


< 


AflO  <Q  >  no,         2U0,0  .    .      B71-2      71-29 

AfiO  <  Q  >  UO,         Afl,0.     .    .      280.0      28-71 

801-2    100-00 


f,  AraerwHTu^ybdate  of  ammonium. — ^If  a  fluid  containing 
arseDio  acid  is  mixed  with  excess  of  the  nitric  acid  solution  of 
ammoniom  moljbdate,  the  flnid  remains  clear  in  the  cold,  but  on 
heating  a  yellow  precipitate  of  arsenio-molybdate  of  ammonium 
separates.  This  precipitate  comports  itself  with  solvents  like  the 
analogous  compound  of  pboHphoric  acid ;  it  is,  like  the  latter, 
insolnble  in  water,  nitric  acid,  dilate  sulphuric  acid  and  salts,  pro- 
vided an  excess  of  solution  of  ammonium  molybdate,  mixed  with 
acid  in  moderate  excess,  be  present.  Hydrochloric  acid  or  metallic 
chlorides,  when  present  in  large  qnantity,  interfere  with  the 
thorongbnees  of  the  precipitation.  SELiasoniff  found  it  to  be 
composed  of  87*666  per  cent,  of  molybdic  acid,  6*308  arsenic  acid, 
4*258  ammonia,  and  1*768  water. 


ACmS  OF  THE  FIB8T  GROITP. 
§93. 

1.  ABSsmoira  Acm  and  Absbnio  Aom. — See  §  92. 

2.  CHBomo  Acid. 

Chromic  add  is  weighed  either  as  ohbomio  oxms,  or  as  lead 
CKBOiCATB,  or  BABicu  CHBOUATE.     We  have  also  to  consider  ueb- 

OCBODS  CHBOHATE. 

a.  Chromic  oxide. — See  g  76. 

h.  Zead  chromaie  obtained  by  precipitation  forms  a  bright-yelf 

*  ZdtwliT.  t.  uaL  Ohem.  10,  78.         f  Journ.  t  prakL  CbMDa..«7..ttU. 
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low  precipitate,  insoluble  in  water  and  acetic  acid,  barely  soluble  in 
dilute  nitric  acid,  readily  in  Bolntion  of  potaeaa.  When  lead  chro 
mate  is  boiled  with  concentrated  hydrochloric  acid,  it  is  readily 
decomposed,  lead  chloride  and  chromic  chloride  being  formed. 
Addition  of  alcohol  tenda  to  promote  this  decomposition.  Lead 
chromate  is  tmalterable  in  the  air.  It  dries  thoroughly  at  100°. 
Under  the  influence  of  heat  it  transitorily  acquires  a  reddish-bromi 
tint ;  it  fuses  at  a  red  heat ;  when  heated  beyond  its  poiot  of 
fusion,  it  loses  oxygen,  and  is  transformed  into  a  mixture  of  chro- 
mic oside  and  basic  lead  chromate.  Heated  in  contact  with  organic 
Bubstances,  it  readily  yields  oxygen  to  the  latter. 


OOMFOSinON. 


oo.<g>P''  =  So. 


223-00 
100-48 


323-48 


68-94 
31-06 


c.  Saturn  cknymoie  is  obtained  as  a  light-yello;w  precipitate 
on  mixing  a  solution  of  an  alkali  chromate  with  barium  chloride. 
It  dissolves  in  hydrochloric  and  in  nitric  acid,  but  not  in  acetic 
acid.  On  washing  with  pure  water,  the  latter  begins  to  dissolve  it 
slightly,  as  soon  as  all  solQble  salts  are  removed,  to  such  an  esteot 
that  the  washings  run  ofE  yellow.  The  precipitate  is  insoluble  in 
saline  solutions.  Hence  it  is  best  to  use  a  solution  of  ammoDium 
.  acetate  for  washing  (Pbasson  and  KiCHiBDB*).  It  is  not  decom- 
iposed  by  moderate  ignition. 


CrO,<X>Ba: 


COMPOSmOH. 

BaO    .    .    .    153-00 
100-48 

253-48 


CrO. 


60-36 
39-64 


d.  jlf?reurow*  cArOTwate  obtained  by  adding  mercnrons  nitrate 
to  an  alkali  chromate  is  a  brilliant-red  precipitate,  which  tnms 
'black  by  the  action  of  light.  It  dissolves  very  slightly  in  cold 
water,  more  in  boiling  water,  being  partially  converted  into  ame> 
curie  salt ;  it  dissolves  slightly  in  dilute  nitric  acid.    For  washing, 

*2eitschr.  f.  anal.  Cbem.  9,  108. 
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it  is  best  to  xtee  a  dilute  solution  of  mei-cnrous  nitrate  containing 
but  little  free  acid ;  in  this  solution  it  is  insolnble  (H.  Rose*). 

3.  Sulphuric  Acid. 

Sulphuric  add  is  determined  best  in  the  form  of  basiuu  sul- 
phate, for  the  properties  of  which  see  §  71. 

4.  FnoePHOKio  Acid. 

The  principal  forms  into  which  phosphoric  acid  is  converted  are 
as  follows  : — l&ad  phosphate,  maonebicm  fysophosphate,  magne>- 

8IDM  phosphate  Mg,(PO,)„  FESRIC    PHOSPHATE,  CEAKTL  PYBOPHOB- 
PHATE,  BTANBIO  PHOSPHATE,  and    SILVER  PHOSPHATE.       BesidsS  theSO 

compounds,   we  have  to   examine    hebccboub    phosphate    and 

PHOSPHO-HOLTBDATE  OF  AHHONimi . 

a.  The  lead  phosphate  obtained  in  the  course  of  analysis  is 
rarely  ptire,  bat  is  generally  mixed  with  free  lead  oxide.  In  this 
mixture  we  have  accordingly  the  normal  lead  phosphate  Pb,(PO,), ; 
in  the  pure  state,  this  presentB  the  appearance  of  a  white  powder ; 
it  is  insoluble  in  water,  acetic  acid,  and  amnaonia.  It  diBsolves 
readily  in  nitric  acid.  When  heated  it  fuses  without  decomposi- 
tion. 

J.  Magnesium  pyrophosphaie. — See  §  T4. 

e.  Maynesium  phoaphxUe  (Mg,(PO,},). — A  mixture  of  this  com- 
pound with  excess  of  magnesia  is  produced  by  mixing  a  solution  of 
an  alkali  phosphate,  containing  ammonium  chloride,  with  magnesia, 
evaporating,  heating  until  the  ammonium  chloride  is  expelled,  and 
finally  treating  with  water.  It  is  practically  insoluble  in  water  and 
in  solutions  of  salts  of  the  alkalies  (Fr.  ScHULZEt). 

d.  Ferric  phoaphaie. — If  a  solution  of  phosphoric  acid  or  of 
calcium  phosphate  in  acetic  acid  is  carefully  r.recipitated  with  a 
solution  of  ferric  acetate,  or  with  a  mixture  of  iron-alum  and 
sodium  acetate,  so  tliat  the  iron  salt  may  just  predominate,  the  pre- 
cipitate always  contains  1  mol.  P,0,  to  1  mol.  Fe,0,  corresponding 
to  the  formula  of  normal  ferric  phosphate,  Fe,(POj),  (Rawskt, 
"WriTBTEiN,  E.  DavtJ)  ;  if,  on  the  other  hand,  the  ferric  acetate  is 
in  larger  excess,  the  precipitate  is  more  basic.  WnrsTEiN  obtained, 
by  using  a  considerable  excess  of  ferric  acetate,  a  precipitate  con- 
taining 3P,0,  to  4Fe,0,,  Precipitates  obtained  with  a  small  excess 
of  the  precipitant  possess  a  composition  varying  between  the  above- 
*  Pogg.  Ana.  S8,  124  \  Journ.  f.  prakt  Chem.  68,  440. 

X  PhU.  Mag.  1».  181. 
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mentioned  limits.  Eammelbbkro  obtained  Fe,(PO,),  +  4H,0,  and 
WiTTflTEiN  anbaequently  the  Bame  componnd  (with  8H,0  instead 
of  4)  upon  mixing  ferric  sulphate  with  sodiom  phosphate  in  excess ; 
with  an  insufficient  quantity  of  sodium  phosphate  the  latter  chem- 
ist obtained  a  more  yellowish  precipitate  which  had  a  composition 
corresponding  to  the  formula  3Fe,(P0.),  +  Fe,{OH),  +  81^0.  If 
an  acid  fluid  containing  a  oonaiderable  excess  of  phosphoric  acid  ia 
mixed  with  a  small  quantity  of  a  ferric  solntion,  and  an  alkali 
acetate  is  added,  a  precipitate  of  the  formula,  Fe,(FO,),  -\-  water,  is 
invariably  obtained,  which  accordingly  leaves  upon  ignition  Fe, 
(PO,),  =  Fe,0,  +  P.O.  (WnTsrEra).  Fresh  experiments  which 
I  have  made  upon  this  subject  have  conrinced  me  of  the  perfect 
correctness  of  this  statement.  Hohb  obtained  the  same  results,* 
The  precipitate  is  insoluble  in  a  fluid  containing  salts,  but  when 
washing,  as  soon  as  the  soluble  salts  are  nearly  removed,  the  pre- 
cipitate begins  to  dissolve.  The  filtrate  has  an  acid  reaction,  and 
contains  iron  and  phosphoric  acid.  The  precipitate,  under  these 
circnmBtanees,  alters  in  composition,  and  this  explains  why  different 
resnlts  were  obtaiited  in  the  analysis  of  precipitates  which  had  been 
waslung  for  different  lengths  of  time  (Fr.  Hohb). 


COMPOSmON. 


142 
160 


302 


100-00 


If  we  dissolve  ferric  phosphate  in  hydroddoric  acid,  supersatu- 
rate the  eolation  with  ammonia,  and  apply  heat,  we  obtain  more 
basic  salts,  viz.,  3Fe,0„2P,0.  (Rammelsbebo)  ;  2Fe,0.,P,0.  (Wnr- 
BTEiN — after  long  washing).  In  WrrrsTEiN's  experiment,  the  wash- 
water  contained  phosphoric  acid.  The  white  ferric  phosphate  does 
not  dissolve  in  acetic  acid,  but  it  dissolves  in  a  solution  of  feme 
acetate.  Upon  boiling  the  latter  solution  (of  ferric  phosphate  in 
ferric  acetate),  the  whole  of  the  phosphoric  acid  precipitates,  with 
basic  ferric  acetate,  as  liyperbaaic  ferric  phosphate.  Similar 
extremely  basic  combinations  are  invariably  obtained  (often  mixed 
with  ferric  hydroxide),  upon  precipitating  with  ammonia  or  barium 

•  Zeitschr.  f .  »nal.  Chem.  3.  350. 
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c&rbonate,  a  Bolution  containing  pbosplioric  acid  and  an  excess  of 
a  feme  ealt  The  precipitate  obtained  by  barium  carbonate  can  be 
convenientlj  filtered  off  and  washed,  the  filtrate  is  perfectly  free 
from  either  iron  or  phosphoric  acid ;  on  the  contrary,  the  precipi- 
tate obtained  by  ammonia,  especially  if  the  latter  were  mnch  in 
excess,  is  slimy,  and  therefore  difficalt  to  wash,  and  the  filtrate 
always  contains  small  traces  of  both  iron  and  phosphoric  acid. 

e.  Uratiyl  pyrophoeph(Ue.—li  the  hot  aqueous  solution  of  a 
phosphate  soluble  in  water  or  acetic  acid  is  mixed,  in  presence  of 
free  acetic  acid,  with  nranyl  acetate,  a  precipitate  of  uranyl  hydro- 
gen phosphate  is  immediately  formed.  If  the  fluid  contains  much 
ammonium  salt,  the  precipitate  cont^ns  also  nranyl  ammonium 
phosphate.  The  same  precipitate  forms  also  if  aluminium  or  ferric 
salts  are  present;  but  in  that  case  it  is  always  mixed  with  more 
or  less  aluminium  or  ferric  phosphate.  Presence  of  potassium  or 
Bodinm  salts,  on  the  contrary,  or  of  salts  of  the  alkali-earth  metals, 
has  no  influence  on  the  composition  of  the  precipitate.  Anunoninm 
nranyl  phosphate  (UO.NH^PO,  -\-  xK,0)  is  a  somewhat  gelatinous, 
whitish-yellow  precipitate,  with  a  tinge  of  green.  The  beet  way 
of  washing  it,  at  least  so  far  as  the  principal  part  of  the  operation 
is  concerned,  is  by  boiling  with  water  and  decanting.  If,  after 
having  allowed  the  fiuid  in  which  the  precipitate  is  suspended  to 
cool  a  little,  a  few  drops  of  chloroform  are  added,  and  the  mixture 
is  shaken  or  boiled  up,  the  precipitate  subsides  mnch  more  readily 
than  without  this  addition. 

The  precipitate  is  insoluble  in  water  and  in  acetic  acid ;  but  it 
dissolves  in  mineral  acids ;  ammonium  acetate,  added  in  sufficient 
excess,  completely  re-precipitates  it  from  this  solution,  upon  appli- 
cation of  heat.  Upon  igniting  the  precipitate,  no  matter  whether 
cont^ning  ammonium  or  not,  uranyl  pyrophosphate  of  the  for- 
mula (trO,),P,0,  is  produced.  This  has  the  color  of  the  yolk  of  an 
egg.  If  the  precipitate  is  ignited  in  presence  of  charcoal  or  of  some 
reducing  gas,  partial  reduction  to  nranous  phosphate  ensues,  owing 
to  which  the  ignited  mass  acquires  a  greenish  tint ;  however,  upon 
warming  the  greenish  residue  with  some  nitric  acid,  the  green  ura- 
nons  salt  is  readily  reconverted  into  the  yellow  uranyl  salt,  Uranyl 
pyrophosphate  is  not  hygroscopic,  and  may  therefore  be  ignited 
and  weighed  in  an  open  platinum  dish  (A.  Abendt  and  W.  Ekop*). 

•  Chemi«diei  Centrslblstt,  18S6.  789,.  608;  and  18S7,  ITZ 
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.  142-0 

19-91 

713-2 

100  00 
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The  one-fifth  part  of  the  precipitate  may  accordingly  be  cal- 
culated ae  phosphoric  anhydride  in  ordinary  analyses.* 

y.  Stannic  phosphate  is  never  obtained  in  the  pure  state  in  the 
analytical  process,  but  contains  always  an  admixture  of  hydrated 
metastannic  acid  in  excess,  which,  upon  ignition,  changes  to  meta- 
Btannic  acid.  It  has,  generally  speaking,  the  same  properties  as 
hydrated  metastannic  acid,  and  is  more  particularly,  like  the  latter, 
insoluble  in  nitric  acid.  Upon  heating  with  concentrated  solution 
of  potassa,  potassium  phosphate  and  metastannate  are  formed. 

g.  Normal  silver  phosphate  is  a  yellow  powder ;  it  is  insoluble 
in  water,  but  readily  soluble  in  nitric  acid,  and  also  in  ammonia, 
[n  ammoninm  salts,  it  is  difficultly  soluble.  It  is  unalterable  in 
the  air.  Upon  ignition,  it  acquires  transiently  a  reddish-brown 
Eolor ;  at  an  intense  red  heat,  it  fuses  without  decomposition. 

9/'po^OAf\  -  ^Ag'O '.     .     695-82  83-05 

837-82         100-00 

A.  Merouroua  phoephcUe. — This  compound  is  employed  for  the 
purpose  of  effecting  the  separation  of  phosphoric  acid  from  many 
l)ase8,  after  H.  Kose's  method. 

Mercurous  phosphate  presents  the  appearance  of  a  white  crys- 
lAlline  mass,  or  of  a  white  powder.  It  is  insoluble  in  water,  but 
lissolves  in  nitric  acid.  The  action  of  a  red  heat  converts  it  into 
fused  mercuric  phosphate,  with  evolution  of  vapor  of  mercury. 
CTpon  fusion  with  alkali  carbonates,  alkali  phosphates  are  pro- 
luced,  and  mercury,  oxygen,  and  carbon  dioxide  escape. 

i.  Phosph(ym<^ybdate  of  ammonium. — This  compound  also 

*  The  atomic  weight  of  uranium  la  here  taken  as  237'6,  according  to  Ebel- 
Dea.  If  we  take  it  according  lo  Fcligot,  as  340,  the  ignited  phosphate  would 
«Dtain  80'3a  ITO„  and  1978  PiO..  W.  Knop  and  Arendt  found  in  four 
iiperiments  2013,  30'06,  3004.  sod  2004  reepcctiveljr  <ia  another  20-T7).  It 
Till  be  seen  that  iliese  numbers  agree  better  witli  the  compositiou  as  reckoued 
rom  EbelmeD's  ttian  from  Peligot's  atomic  weight. 
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Berves  to  effect  the  Beparation  of  pliospboric  acid  from  otiier 
Ixxiies;  it  is  of  the  QtmcHt  importaiice  in  this  respect. 

FhoBpho-molybdate  of  ammonium  forme  a  bright  yellow,  readily 
snbeiding  precipitate.  Dried  at  100°,  it  has,  according  to  Sblio- 
BOBir,  the  following  (average)  compoeitioD : — 

MoO, 90-744 

P.0 3-143 

™ho,o 8.&ro 

H,0 2-544 

100-000* 

In  the  pure  state,  it  disBolves  but  sparingly  in  cold  water  (1  in 
10000 — ^EooaBia);  bat  it  is  soluble  in  hot  water.  It  is  readily 
soluble  even  in  the  cold,  in  canetic  alkalies,  alkali  carbonates  and 
phosphates,  ammonium  chloride,  and  ammonium  oxalate.  It  dis- 
solves sparingly  in  ammoninm  sulphate,  potaesinm  nitrate,  and 
potassimn  chloride ;  and  very  sparingly  in  ammonium  nitrate. 

It  is  soluble  in  potassium  sulphate  and  sodium  sulphate,  sodium 
chloride  and  magnesiom  chloride,  and  sulphuric,  hydrochloric  and 
nitric  acids  (concentrated  and  dilute).  Water,  containing  1  per 
cent,  of  common  nitric  acid,'  dissolves  y^iW  (Egoebtz).  AppU- 
cation  of  heat  does  not  check  the  solvent  action  of  these  substances. 
Presence  of  ammoninm  molybdate  totally  changes  its  deportment 
with  acid  fiuids.  Dilnte  nitric  or  sulphuric  acid  containing 
ammonium  molybdate  does  not  dissolve  it;  .but  mneh  hydro- 
chloric acid,  even  in  the  presence  of  ammoninm  molybdate,  has 
a  solvent  action,  and  this  acid  consequently  interferes  with  the 
complete  precipitation  of  phosphoric  acid  by  nitric  acid  solution 
'  of  ammonium  molybdate.  The  solution  of  the  phospho-molybdate 
of  ammoninm  in  acids  is  probably  attended,  in  all  cases,  with 
decomposition  and  separation  of  the  molyhdic  acid,  which  cannot 
take  place  in  the  presence  of  ammonium  molybdate  (J.  CBAw)t, 
Tartaric  acid  and  similar  organic  substances  entirely  provent  the 

*  From  the  varying  resalts  of  dlflerent  aDEtlTsts  it  is  plain  that  the  precipi- 
tate, prepared  voder  apparently  the  same  circumstances,  has  not  always  ezacUy 
the  aame  compoHltion.  Sohhbnbcbeik  (Joum.  f.  prakL  Cbem.  58,  843)  f oaad  in 
the  precipitate  dried  at  130°,  2-98—812  g  P,Ot;  Lipowrrz  (Fogg.  Annal.  100, 
13$).  in  the  precipitate  dried  at  from  20°  to  80°,  8-00?  S  FiO>;  EaasKTZ  (Joum. 
1  prakL  Chem.  79,  406),  8-7  to  8-8  g. 

t  Chem.  Qaz.  1853,  216. 
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precipitation  of  the  phoepho-molybdate  of  ammomam  (Eooebtz). 
Id  the  pi-esence  of  an  iodide  instead  of  a  yellow  procipitate,  a  giem 
precipitate  or  a  green  fluid  is  formed,  reenlting  from  the  reducing 
action  of  the  hydriodic  acid  on  the  molybdic  acid  (J,  W.  Bill*). 
Other  substances  which  reduce  molybdic  add  hare  of  course  a 
similar  action. 

5.  BoBACio  Aom. 

PoTABatuH  BoBOFLCOBiDB  ia  the  hest  form  to  convert  boradc 
acid  into  for  the  pnrpoee  of  the  direct  estimation  of  the  acid.  This 
compound  is  produced  by  mixing  the  solution  of  an  alkali  borate, 
in  presence  of  a  sufficient  quantity  of  potassa,  with  hydrofluoric 
acid  in  excess,  in  a  silver  or  platinum  dish,  and  evaporating  to  dry- 
ness. The  gelatinous  precipitate  which  forms  in  the  cold,  dissolves 
□pon  application  of  heat,  and  separatee  from  the  solution  subse- 
quently, upon  evaporation,  in  small,  hard,  transparent  ctystals. 
The  compound  has  the  formula  KF,BF,.  It  is  soluble  in  water 
and  also  in  dilute  alcohol ;  but  strong  alcohol  fails  to  dissolve  it ; 
it  is  insolable  also  in  concentrated  solution  of  potassinm  acetate. 
It  may  be  dried  at  100",  without  decomposition  (Auo.  Steo- 

ICBTXaf). 

OOMPOBinOK. 

K 39.13  81-02 

B 11-00  8-72 

F, 76-00  60-26 

126-13  100-00 

6.  Oxalic  Acm. 

When  oxalic  acid  is  to  be  directly  determined  it  is  usually  pre- 
cipitated in  the  form  of  calcium  oxalate;  and  its  weight  is 
inferred  from  the  calcium  cabbonate  or  calcium  oxide  produced 
from  the  oxalate  by  ignition.  For  the  properties  of  these  bodies 
see  §73. 

7.  Htdbofluoktc  Acid. 

The  direct  estimation  of  hydrofluoric  acid  is  usually  effected 
by  weighing  the  acid  in  the  form  of  oalcidm  flcoride. 

Calcium  fluoride  fonns  a  gelatinous  precipitate,  which  it  is 
found  difficult  to  wash.     If  digested  with  ammonia,  previous  to 

•  Sillim.  Joum.,  July,  1858.  t  Annal.  d.  Chem.  u.  Fharm.  100,  82. 
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filtJ*ation,  it  is  rendered  denser  and  less  gelatinons.  It  is  not  alto- 
gether insoluble  in  water ;  aqneons  solntionB  of  the  alkahes  fail  to 
decompose  it.  It  is  very  slightly  soluble  in  dilute,  bat  more 
readily  in  txincentrated  hydrochloric  acid.  When  acted  upon  by 
Bolphnric  add,  it  ia  decomposed,  and  calcinm  sulphate  and  hydro- 
flnoric  acid  are  foimed.  Calcium  finoride  is  unalterable  in  the  air, 
and  at  a  red  heat.  Exposed  to  a  very  intense  heat,  it  fnaes.  Upon 
intense  ignition  in  moist  air,  it  is  slowly  and  putially  decomposed 
into  calcinm  oxide  and  hydrofluoric  acid.  Mixed  with  ammonium 
chloride,  and  exposed  to  a  red  heat,  calcinm  fluoride  suffers  a  con- 
tinual I06B  of  weight ;  but  the  deeompoeitioa  is  incomplete. 

oouFosmoN. 

Ca 40  51-28 

F. 88  48.72 

78  100-00 

We  often  determine  fluorine,  more  particularly  in  presence  of 
mlicic  acid,  by  converting  it  into  silicon  fluoride  (8iF,).  This  is  a 
colorless  gas,  fuming  in  the  air,  with  sufiocating  odor,  of  sp.  gr. 
3*574,  which  decomposes  when  mixed  with  water  forming  silica 
and  hydroflnosUicic  acid  thus  :  3SiF.  +  2H,0  =  2H,SiF.+  SiO,. 

8.  Caobosio  Acid. 

The  direct  estimation  of  carbonic  acid — which,  however,  is 
only  rarely  resorted  to — is  nsnally  effected  by  weighing  the  acid  in 
the  form  of  calcium  oabbokate.  For  the  properties  of  the  latter 
Bubstauce,  see  §  73. 

9.  SiLioio  Acm.* 

When  silicic  acid  is  separated  by  acids  from  aqueous  solutions 
.  of  alkali  silicates,  it  is  at  first  perfectly  solable  in  water.  It  be- 
comes insoluble  or  rather  difficultly  soluble  wheu  it  coagulates. 
Ooagolation  is  a  permanent  change  and  is  furthered  by  concentra- 
tion and  by  elevation  of  temperature.  Silicic  acid  solntion  con- 
taining 10  or  12  per  cent,  of  SiO,  coagulates  at  the  ordina^  tem- 
perature in  a  few  hours,  and  immediately  if  heated.     A  solution  of 

*  Free  rilicic  add  in  solutioa  is  assumed  to  have  the  composition  expressed 
I9  the  loraiulft  ai(OE),.  Silicic  anb;dride  (BiO.)  is  usually  called  "silica." 
Compoands  of  SiOi  with  less  water  than  corresponds  to  the  formula  6i(0H)t  = 
S10i(H,O>i  are  here  called  "  hjdrates  of  silica." 
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5  per  cent,  may  be  preserved  without  coagnlating  for  fire  or  six  d&jrs, 
oiie  of  2  per  cent,  for  two  or  three  months,  and  one  of  1  per  oent. 
for  several  years,  and  eolutionB  containing  -^  per  cent,  or  lees  are 
not  appreciably  altered  by  time.  Solid  matter  in  powder  such  as 
graphite,  hastens  coagulation,  alkali  salts  induce  it  rapidly.  Aque- 
ous solutions  of  silicic  acid  may,  on  the  contrary,  be  mixed  with 
hydrochloric  acid,  nitric  acid,  acetic  acid,  tartaric  acid  and  alcohol 
without  coagulating.  The  gelatinous  silicic  acid  produced  by 
coagulation  may  contain  more  or  less  water,  and  it  appears  to  be 
the  more  difficultly  soluble  in  water,  the  less  water  it  contains; 
thus  a  jelly  of  silicic  acid  containing  1  per  cent,  of  silica  (SiO,)  gives 
a  solution  with  cold  water  containing  1  part  of  silica  in  about  3000 
parts,  a  jelly  of  5  per  cent,  gives  a  solution  containing  1  part  of  silica 
in  about  10000  parts  of  water.  A  jelly  cont^ning  less  water  is  still 
less  soluble,  and  when  the  jelly  is  dried  up  to  a  gummy  mass  it  is 
barely  soluble  at  all;  this  is  also  the  case  with  the  pulverulent 
hydrate  of  silica  obtained  in  the  analysis  of  silicates  by  drying  a 
jelly  containing  much  salts  at  100"  (Graham*).  The  liydrated 
silica  dried  at  100°  dissolves  but  very  slightly  in  acids  (with  the 
exception  of  hydrofluoric  acid) ;  it  dissolves,  however,  in  solutions 
of  fixed  alkalies  and  alkali  carbonates,  especially  on  heating.  Aque- 
ous ammonia  dissolves  the  jelly  in  tolerable  quantity  and  the  dry 
hydrate  in  very  notable  quantity  (PiuBEAM)t.  Regarding  the 
amount  of  water  in  the  hydrate  dried  at  given  temperatures  chem- 
ists do  not  agree.J 

On  ignition  all  the  hydrates  pass  into  anhydrous  silica.  As 
the  vapor  escapes  small  particles  of  the  extremely  fine  powder 
are  liable  to  whirl  up.  This  may  be  avoided  by  moistening  the 
hydrate  in  the  crucible  with  water,  evaporating  to  dryness  on  a 
water  bath,  and  then  applying  at  first  a  slight  and  then  a  gradu- 
ally increased  heat. 

The  silica  obtained  by  igniting  the  hydrate  appears  in  the 
amorphous  condition,  with  a  sp.  gr.  of  22  to  2-3,     It  forma  a 

*  Pogg.  Annal.  ViS,  639.  f  Zeitschr.  f.  anal.  Chem.  6,  119. 

}  DoTBRi  (Adu&I.  de  Chim,  et  de  Phj-s.  31,  40;  Anosl.  d,  Cliem.  u.  Pharm. 
04,  3S6)  found  in  the  air-dried  lifdrate  18-9  to  17'8  g  water;  J.  FucHS(AQnal. 
d.  Cliem.  u.  PhBrm.  82. 119  to  138),  91  to  9-6;  Q.  Lippert,  9-38  to  9«J.  Dotbri 
found  iu  the  hydrate  dried  at  100°,  S'S  to  9'4;  J.  Fuchb,  6-68  to 696;  G.  Lip- 
PERT  4  97  to  5*S3.  H,  Roan  (Pogg.  Annal.  108.  1 :  Joum.  ftlr  prakt.  Chem.  81., 
227)  found  in  the  hydrate  obtained  by  digesting  Btllbile  with  concentrated 
hydrochloric  acid,  and  dried  at  150°,  4'8G  g  water. 
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white  powder  insoluble  in  water,  and  acids  (hydrofluoric  excepted), 
soluble  in  solntions  of  the  fixed  alkalies  and  their  carbonatee, 
especially  in  the  heat.  Hydrofluoric  acid  readily  dissolves  amor- 
phous silica;  the  solutioQ  leaves  no  residue  on  evaporation  in 
platinnm,  if  the  silica  was  pore.  The  amorphooB  silica,  when 
heided  with  ammonium  fluoride  in  a  platinum  crucible,  readily 
volatilizes.  The  ignited  amorphous  silica,  exposed  to  the  air, 
eagerly  absorbs  water,  which  it  will  not  give  up  at  from  100°  to 
150°  {H.  Kobe).  The  lower  the  heat  during  ignition  the  more 
bygroecopic  is  the  residue  (Souceay*).  Silica  fuses  at  the  strong- 
est heat ;  the  mass  obtained  being  vitreons  aud  amorphous.  Amor- 
phous silica  ignited  with  ammonium  chloride,  at  first  loses  weight, 
and  then,  when  the  ignition  has  rendered  it  denser,  the  weight 
remains  constant. 

The  amorphous  silica  must  be  distinguished  from  the  crystallized 
or  crystalline  variety,  which  occnrs  as  rock  crystal,  quartz,  sand,  &o. 
This  has  a  sp.  gr.  of  2'6  (Scbaffgotsch),  and  is  far  more  difficultly, 
and  in  far  less  amount,  dissolved  by  potash  solution  or  solution  of 
fixed  alkali  carbonates;  it  is  also  more  slowly  attacked  by  hydro- 
flnoric  acid,  or  ammonium  fluoride.  Crystallized  silica  is  not  hygro- 
scopic, whether  strongly  or  gently  ignited  (Sodchat),  Vegetable 
colors  are  not  changed  either  by  silica  or  its  hydrates. 

couposmoH. 

Si 28.00  46-67 

O, 32-00  53.33 

60-00  100-00 


ACn>  RADICALS  OP  THE  SECOND  GROUP. 
§94. 
1.  Htdbochloeio  AoiD. 
Hydrochloric  acid  is  almost  invariably  weighed  in  the  form  of 
BiLTGB  CHLOBIDE — for  the  properties  of  which  see  §  82. 
2.  Htdbobbohio  Acm. 
Hydrobromio  acid  is  always  weighed  in  the  form  of  silver 


«  ZeltKhr.  f.  anal.  Cbem.  8,  438. 
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Silver  bromide,  prepared  in  the  wet  way,  forme  a  yellowiBli- 
white  precipitate.  It  is  wholly  insoluble  in  water  and  in  nitric 
acid,  tolerably  soluble  in  ammonia,  readily  soluble  in  Bodinm  tbio- 
sulpbate  and  potassium  cyanide.  Concentrated  eolutioos  of  potas- 
Binm,  sodium,  and  ammonium  cblorides  and  bromides  dissolve  it  to 
a  very  perceptible  amount,  while  in  very  dilute  solutions  of  these 
salts  it  is  entirely  insoluble.  Tracee  only  dissolve  in  the  alkati 
nitrates.  It  dissolves  abundantly  in  a  concentrated  warm  solution 
of  mercuric  nitrate.  On  digestion  with  excess  of  potassium  iodide 
BolutioTi  it  is  completely  converted  into  silver  iodide  (Field).  Oe 
ignition  in  a  current  of  chlorine  silver  bromide  is  transformed  into 
chloride ;  on  ignition  in  a  current  of  hydrogen  it  is  converted  into 
metallic  silver.  Exposed  to  the  light  it  gradually  tnms  gray,  and 
finally  black.  Under  the  inflaence  of  heat,  it  fuses  to  a  reddish 
liquid,  which,  upon  cooling,  solidifies  to  a  yellow,  horn-like  mass. 
Brought  into  contact  with  zinc  and  water,  it  is  decomposed :  a 
spongy  mass  of  metallic  silver  forms,  and  the  solution  contains  zinc 
bromide. 

COHPOSmON. 


Br 


107-93 
79-95 


87-45 
42-55 


,  3.  Htdbiodic  Acid. 

Hydriodic  acid  is  usually  determined  in  the  form  of  bilvbb 
IODIDE,  and  occasionally  also  in  that  of  palladious  iodidk. 

a.  Silver  iodide,  produced  in  the  wet  way,  forms  a  light-yellow 
precipitate,  insoluble  in  water,  and  in  dilute  nitric  acid,  and  very 
slightly  soluble  in  ammonia.  One  part  dissolves,  according  to 
Wallace  and  Lamont*  in  2493  parts  of  aqueous  ammonia  sp.  gr. 
■89,  according  to  Martini,  In  2510  parts  of  '96  sp.  gr.  It  is  copi- 
ously taken  up  by  concentrated  solution  of  potassium  iodide,  but  it 
is  insoluble  in  very  dilute ;  it  dissolves  readily  in  sodinm  tkiosnl- 
phate  and  in  potassium  cyanide ;  traces  only  are  dissolved  by  alkali 
nitrates.  In  concentrated  warm  solution  of  mercuric  nitrate  it  is 
copiously  soluble.  Hot  concentrated  nitric  and  sulphuric  acids 
convert  it,  but  with  some  difficulty,  into  silver  nitrate  and  sulphate 
respectively,  with  expubion  of  the  iodine.     Silver  iodide  aequiresa 

•  Chem.  Gai.  1850.  187. 
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black  color  when  exposed  to  the  light.  When  heated,  it  fusee 
withont  decompoeitioD  to  a  reddiBh  fluid,  which,  upon  cooling, 
fiolidifies  to  a  jellow  uuibb,  that  may  be  cat  with  a  knife.  Under 
the  inflneaoe  of  exoeae  of  chlorine  in  the  heat  it  is  completely  con- 
verted  into  silver  chloride;  ignition  in  hydrogen  reduces  it  bat 
incompletely  to  the  metallic  state.  When  bronght  into  contact 
with  zinc  and  water,  it  is  decomposed  bat  incompletely :  zinc  iodide 
is  formed,  and  metallic  silver  separates. 

ooHPOsiTHnir. 

Ag    .    .    .    .    107-93  45.97 

I 126-85  M.03 

234-78  100-00 

}.  Palladioug  iodide,  prodnoed  by  mixing  an  alkali  iodide 
with  palladions  chloride,  is  a  deep  browniah-black,  flocculent  pre- 
cipitate, insoluble  in  water,  and  in  dilate  hydrochloric  acid,  bat 
slightly  soluble  in  saline  solntions  (sodium  chloride,  magnesium 
chloride,  calcium  chloride,  Ac).  It  is  unalterable  in  the  air.  Dried 
eimply  in  the  air  it  retains  one  molecule  of  water=5'05  per  cent. 
Dried  long  in  vacuo,  or  at  a  rather  high  temperature  (70°  to  80°), 
it  yields  the  whole  of  this  water,  withont  the  least  loss  of  iodine. 
'  Dried  at  100°,  it  loses  a  trace  of  iodine ;  at  from  300°  to  400°,  the 
whole  of  the  iodine  is  expelled.  It  may  be  washed  with  hot  water, 
without  loss  of  iodine. 

ooMPOsmoir. 

Pd 106-58  29-58 

I, 258-70  70-42 


4.  Htdbooyanio  Acid. 

Hydrocyanic  acid,  if  determined  gravimetrically  and  directly,  is 
always  converted  into  biltkb  otahids — for  the  properties  of  which 
compound  see  §  82. 

6.  HTDEoetTLPHrmo  Aoro. 
The  forme  into  which  the  salphar  in  hydrogen  salphide  or 
metallic  sulphides,  is  converted  foi  the  purpose  of  being  weighed, 
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are  assekious  sulphidb,  sclveb  sdlphidb,  cofpsb  sdlphidb,  uid 

BABIUM  SDLPBATE. 

For  the  properties  of  the  salphidee  named,  see  ^  82,  85, 92 ; 
for  those  of  bariam  Balph&te,  see  §  71. 

ACID  RADICALS  OF  THE  THIRD  GROUP. 

§96. 

1.  NrTBio  Acm;  and  S.  Chlobio  Aom. 

These  two  acids  are  never  determined  directly — that  is  to  say, 
in  compounds  containing  them,  bnt  always  in  an  indirect  wa;; 
generally  Tolometrically. 
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SEOTIOK   IT, 

THE   DETEKMINATION  (OR  ESTIMATION)  OF 
BADIOALS. 


In  the  preceding  Section  we  have  examined  the  composition 
and  properties  of  the  various  fonne  and  comhinations  in  which 
radicals  are  separated  from  each  other,  or  in  which  they  are  weighed. 
We  have  now  to  consider  the  special  means  and  methods  of  con- 
verting them  into  snch  forms  and  combinations. 

For  the  sake  of  greater  clearness  and  simplicity,  we  shall,  in 
the  present  Section,  confine  our  attention  to  the  various  methods 
applied  to  effect  the  determinoHon  of  single  radicals,  deferring  to 
the  next  Section  the  consideration  of  the  means  adopted  for  sepa- 
rating them  from  each  other. 

As  in  the  "  Qualitative  Analysis,"  the  acids  of  arsenic  will  be 
treated  of  among  the  bases,  on  account  of  their  behavior  to  hydro- 
gen sulphide. 

In  the  quantitative  analysis  of  a  compound  we  have  to  study 
first,  the  most  appropriate  method  of  dissolving  it ;  and,  secondly, 
the  modes  of  determining  the  quantity  of  one  or  more  of  its  con- 
Btitnents. 

With  regard  to  the  latter  point,  we  have  to  turn  our  attention, 
first,  to  the  p^ormance/  and  secondly,  to  the  accuracy  of  the 
methods. 

It  happens  veiy  rarely  in  qoantitative  analyses  that  the  amount 
of  a  Bubstauee,  as  determined  by  the  analytical  process,  corresponds 
exactly  with  the  amount  theoretically  calculated  o^  actually  pres- 
ent; and  if  it  doce  happen,  it  is  merely  by  chance. 

It  is  of  importance  to  inquire  what  is  the  reason  of  this  fact, 
and  what  are  the  limits  of  inaccuracy  in  the  several  methods. 

The  cause  of  this  almost  invariably  occurring  discrepancy 
between  the  quantity  present  and  that  actually  found,  is  to  be 
ascribed  either  exclusively  to  the  essecution,  or  it  lies  partly  in  the 
method  its^/. 
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The  execution  of  the  analytical  processes  and  operations  can 
never  be  absolutely  accurate,  even  though  the  greatest  care  and 
attention  be  bestowed  on  the  most  trifiing  minutife.  To  acconnt 
for  this,  we  need  only  bear  in  mind  that  onr  weights  and  measores 
are  never  aheohUely  correct,  nor  onr  balances  absolutely  accurate, 
nor  our  reagents  absolutely  pure ;  and,  moreover,  that  we  do  not 
weigh  in  vacuo;  and  that,  even  if  we  deduce  the  weight  in  vacuo 
from  the  weight  we  actually  obtain  by  weighing  in  the  air,  the 
very  volumes  on  which  the  calculation  is  based  are  bnt  approxi- 
mately known ; — that  the  hygroscopic  state  of  the  air  is  liable  to 
vary  between  the  weighing  of  the  empty  crucible  and  of  the  cra- 
eible  +  the  substance; — that  we  know  the  weight  of  a  filter  ash 
only  approifimately ; — that  we  can  never  sncceed  in  cofnpUtdy 
keeping  off  dust,  &c. 

With  regard  to  the  inethoda,  many  of  them  are  not  entirely 
free  from  certain  unavoidable  a^wroiw  of  error  ; — precipitates  are 
not  ahsolutdy  insoluble;  compounds  which  require  ignition  are 
not  ahaohitely  fixed;  others,  which  require  drying,  have  a  slight 
tendency  to  volatilize;  the  final  reaction  in  volumetric  analyses  is 
uanally  produced  only  by  a  small  excess  of  the  standard  floid, 
which  is  occasionally  liable  to  vary  with  the  degree  of  dilution,  the 
temperature,  &c. 

Strictly  speaking,  no  method  can  be  pronounced  qnite  free 
from  defect ;  it  should  he  borne  in  mind,  for  example,  that  even 
barium  sulphate  is  not  absolutely  insoluble  in  water.  Whenever 
we  deeeribe  any  method  as  free  from  eonrcee  of  error,  we  mean, 
that  no  causes  of  considerable  inaccuracy  are  inherent  in  it. 

We  have,  therefore,  in  onr  analytical  processes,  invariably  to 
contend  against  certain  sources  of  inaccuracy  which  it  is  imposei- 
ble  to  overcome  entirely,  even  though  our  operations  be  conducted 
with  the  most  scrupulons  care  and  with  the  utmost  attention  to 
established  mice.  It  will  be  readily  nndeistood  that  several  defects 
and  sources  of  error  may,  in  some  cases,  combine  to  vitiate  the 
results  ;  whereas,  in  other  cases,  they  may  compensate  one  another, 
and  thus  enable  ns  to  attain  a  higher  degree  of  aoonracy.  The 
comparatiime  accuracy  of  the  results  attainable  by  an  analytical 
method  oscillates  between  two  points — these  points  are  called  the 
limits  of  error.  In  the  case  of  methods  free  from  sources  of  error, 
these  limits  will  closely  approach  each  other ;  thus,  for  instance,  io 
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the  detenninatioa  of  cLlurine,  witli  great  care  one  will  alwaye  be 
able  to  obtain  between  99'9  and  lOO'l  for  the  100  parte  of  chlorine 
actually  present. 

Leee  perfect  methods  will,  of  course,  exhibit  far  greater  dis- 
crepancies ;  thus,  in  the  eetimatioti  of  strontiom  by  means  of  sol- 
phnric  acid,  the  most  attentive  and  skilful  operator  may  not  be 
able  to  obtain  more  than  99'0  (and  even  leas)  for  the  100  parts 
of  Btroutinm  actually  present.  I  may  here  incidentally  state  that 
the  numbers  occasionally  given  in  this  maimer,  in  the  course  of  the 
present  work,  to  denote  the  degree  of  accuracy  of  certain  methods, 
refer  invariably  to  the  substance  estimated  (chlorine,  nitrogen, 
baryta,  for  instance),  and  not  to  the  combination  in  which  that 
substance  may  be  weighed  (silver  chloride,  ammonium  platinic 
chloride,  barium  sulphate,  for  instance) ;  otherwise  the  accuracy  of 
various  methods  would  not  be  comparable. 

The  occasional  attainment  of  results  exaeUy  corresponding  with 
the  numbers  calculated  does  not  always  justify  the  assumption,  on 
the  part  of  the  student,  that"  his  operations,  to  have  led  to  sucli  a 
result,  must  have  been  conducted  with  the  utmost  precision  and 
accuracy.  It  may  sometimes  happen,  in  the  course  of  the  analyti- 
cal process,  that  one  error  serves  to  compensate  another ;  thus,  for 
instance,  the  analyst  may,  at  the  commencement  of  his  operations, 
spill  a  minute  portion  of  the  substance  to  be  analyzed ;'  whilst,  at  a 
later  stage  of  the  process,  he  may  recover  the  loss  by  an  imperfect 
washing  of  the  precipitate.  As  a  general  rule,  results  showing  a 
trifiug  deficiency  of  substance  may  be  looked  upon  as  better  proof 
of  accurate  performance  of  the  analytical  process  than  results 
exhibiting  an  excess  of  substance. 

As  not  the  least  effective  means  of  guarding  against  error  and 
inaccuracjce  in  gravi'metric  analyae/t,  I  would  most  strongly  recom- 
mend the  analyst,  afUr  weighing  a  precipitate,  dec,  to  compare 
its  properiisa  {color,  aoJvhUitg,  reaction,  dbc.)  with  those  which  U 
ahoiUd  possess,  and  which  have  been  amply  described  in  the  pre- 
ceding Section. 

In  my  own  laboratory,  I  insist  upon  all  substances  that  are 
weighed  in  the  coarse  of  an  analysis  being  kept  between  watch- 
glasses,  until  the  whole  afFair  is  concluded.  This  affords  always  a 
chance  of  testing  them  once  more  for  some  imparity,  the  presence 
of  which  may  become  saspected  in  the  after-course  of  the  process. 
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I.  DETERHINATION  OF  BASIC  RADICALS  IN  SIHFLE  SALTS. 
Fi/rat  Group. 

POTABBIUM— aODIDM — AlfHOHIUU (UTHIUU). 

§97. 

1.  Potassium. 

a.  Solution. 

Potassa  and  potassium  salts  of  those  inorganic  acids  which  we 
liave  to  consider  here,  are  dissolved  in  water,  in  which  menstrnuni 
they  dissolve  readily,  or  at  all  events,  pretty  readily. 

Potassium  salts  of  organic  acids  it  is  meet  coDTement  to  convert 
into  potassinm  sulphate.     See  p.  211. 

h.  Determination. 

Potassium  is  weighed  either  as  potaesiutn  aylphats,  as  potassium 
chloride,  or  aa  potassium  platinic  chloride  (see  §  68).  It  may  also 
be  determined  volumetrically.  For  the  alkalimetric  estimation  of 
potasea  or  potassium  carbonate,  see  §§  195  and  196. 

We  may  convert  into 

1.  PoTAflsicM  Sulphate, 

Potassium  salts  of  strong  volatile  acids;  «.()'.,  potassium  chloride, 
potassium  bromide,  potassium  nitrate,  &a.,  and  salta  of  organic 
acids. 

2.  PoTAaBiDM  Chloride. 

In  general,  caustic  potassa  and  potassium  salts  of  weak  volatile 
acids ;  also,  and  more  particularly,  potassium  sulphate,  chromate, 
chlorate,  and  silicate. 

3.  Potassium  Platdjio  Chloride. 

Potassium  salts  of  non-volatile  acids  soluble  in  alcohol;  e-S-i 
potassium  phosphate,  potassium  borate. 

The  potassium  in  potassium  borate  may  be  determined  also  as 
sulphate  (§  136) ;  and  the  potassium  in  the  phosphate,  as  potassiiun 
chloride  {§  135). 

The  form  of  potassium  platinic  chloride  may  also  be  resorted 
to  in  general,  for  the  estimation  of  potassium  in  all  potassium  salts 
of  those  acids  which  arc  soluble  in  alcohol.  This  form  is,  more- 
over, of  especia)  importance,  as  that  in  which  the  separation  of 
potassium  from  sodium,  &c.,  is  effected. 
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4.    PoTAfiBIDM    SlUOOFLUOBlDE, 

Potaeeiom  Baits  of  those  acids  which  are  eolnble  in  weak  alcohol, 
except  borate. 

1.  Deiennitiation  at  Potastium  Sulphate. 

Evaporate  the  aqueous  solution  of  the  potassium  sulphate  to 
diynefls,  ignite  the  residue  in  a  platinum  crucible  or  dish,  and 
weigh  (§  42).  The  residue  must  be  thoroughly  dried  before  yaa 
proceed  to  ignite  it ;  the  heat  applied  for  the  latter  purpose  must 
be  moderate  at  first,  and  very  gradually  increased  to  the  requisite 
degree ;  the  crucible  or  dish  must  be  kept  well  copered— neglect  of 
these  precautionary  rules  iuvolves  always  a  loss  of  substance  from 
decrepitation.  If  free  sulphuric  acid  is  present,  we  obtain,  npon 
evaporation,  acid  potassium  sulphate ;  in  such  cases  the  acid  salt  is 
to  be  converted  into  the  nonnal  by  igniting  first  alone  (here  it  is 
beat  to  place  the  lamp  so  that  the  fiame  may  strike  the  dish-coTer 
obliquely  from  above),  then  with  ammonium  carbonate.    See  §  68. 

For  properties  of  the  residue,  see  §  68.  Observe  more  particu- 
larly that  the  residue  must  dissolve  to  a  clear  fluid,  and  that  the 
solution  must  be  neutral.  Should  traces  of  platinum  remain  behind 
(the  dish  not  having  been  previously  weighed),  these  must  be  care- 
fully determined,  and  their  weight  subtracted  from  that  of  the 
igoited  residue. 

With  proper  care  and  attention,  this  method  gives  accurate 
results. 

To  convert  the  above-mentioned  salts  (potassium  chloride,  &c.) 
into  potassium  sulphate,  add  to  their  aqueous  solution  a  quantity 
of  pure  sulphuric  acid  more  than  sufficient  to  form  normal  sulphate 
with  the  whole  of  the  potassium,  evaporate  the  solution  to  dry- 
ness, ignite  the  residue,  and  convert  the  resulting  acid  potassium 
sulphate  into  the  normal,  by  treating  with  ammonium  carbonate 

(§es). 

As  the  expulsion  of  a  large  quantity  of  sulphuric  acid  is  a  very 
disagreeable  process,  avoid  adding  too  great  an  excess.  Should  too 
little  of  d^^d  have  been  used,  which  you  may  infer  from  the 
non-evott^^Bbf  sulpliuric  acid  fumes  ^^nition,  moisten  the 
residue  wit^ailnte  sulphuric  acid,  evapoW^^Bd  again  ignite.  If 
yoa  have  to  deal  with  a  small  quantity  onlj^||potassinm  cliloride. 
&c.,  proceed  at  once  to  treat  the  dry  salt,  cautiously,  with  dilute 
sulphuric  acid  in  the  platinum  crucible ;  provided  the  latter  be 
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capacioos  enongh.    la  the  case  of  potaseiam  bromide  uul  iodide, 
the  use  of  platinum  voBsele  must  bo  avoided. 

[PotaseiuDi  salts  of  orgaiiic  acids  are  directly  converted  into 
potassium  sulphate  by  first  carbonizing  them  at  the  lowest  possible 
temperature,  and  after  cooling  adding  some  crystab  of  pure  ammo- 
nium sulphate  and  a  little  water  to  the  mass.  The  crucible  being 
covered,  the  water  is  evaporated  by  heating  the  crucible  cover,  and 
the  whole  is  afterwards  heated  to  dull  redness,  until  the  excess  of 
ammonium  sulphate  is  destroyed.  If  the  carboa  is  not  fully  coa- 
sumed  by  this  operation,  add  a  little  ammonium  nitrate  and  repeat 
the  ignition.  K&mmerer.*]  It  is  usually  advisable  to  ignite  finally 
in  an  atmosphere  of  amraonium  carbonate. 

2.  Determination  as  Potassium  Chloride. 

General  method  the  same  as  described  in  1.  The  residue  of 
potassium  chloride  must,  previously  to  ignition,  be  treated  in  the 
same  way  as  potassium  sulphate,  and  for  the  same  reason.  The 
salt  must  be  heated  in  a  well-covered  crucible  or  dish,  and  only  to 
dull  redness,  as  the  application  of  a  higher  degree  of  heat  is  likely 
to  cause  some  loss  by  volatilization.  No  particular  regard  need  be 
liad  to  the  presence  of  free  acid.  For  properties  of  the  residue, 
see  §  68,  This  method,  if  properly  and  carefully  executed,  gives 
very  accurate  results.  The  potassium  chloride  may,  instead  of 
being  weighed,  be  determined  voluraetrically  by  §  141,  J.  ThiS 
method,  however,  has  no  advantage  in  tlie  case  of  single  estima- 
tions, but  saves  time  when  a  series  of  estimations  has  to  be 
made. 

In  determining  potassium  in  the  carbonate  it  is  sometimes 
desirable  to  avoid  the  effervescence  occasioned  by  treatment  with 
hydrochloric  acid,  as,  for  instance,  in  the  case  of  the  ignited  resi- 
due of  a  potassium  salt  of  an  organic  acid,  which  is  contained  in 
the  crucible.  This  may  be  effected  by  treating  the  carbonate  with 
solution  of  ammonium  chloride  in  excess,  evaporating  and  igniting, 
when  ammonium  carbonate  and  the  excess  of  ammonium  chloride 
will  escape,  leaving  potassium  chloride  behind. 

The  methods  of  converting  the  potassium  compt 
alwve  into  potassivaMonde,  will  be  found  i 
Section,  under  thefe^pcUVe  lieii<1.>  of  the  acids  v 
tain. 
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3.  Determinatdon.  as  Potassivm  Platinvs  Chloride. 

a.  PotasBiam  salts  of  volatile  acids  (nitric  acid,  acetic  acid,  &c). 

Mix  the  eolndon  with  hydrochloric  acid,  evaporate  to  dryness, 
dissolve  the  residue  in  a  little  water,  add  a  concentrated  solntion 
of  platinic  chloride,  as  nentral  as  possible,  in  excess,  and  evaporate 
in  a  porcelain  dish,  on  the  water-bath,  nearly  to  dryness,  taking 
care  not  to  heat  the  water-bath  quite  to  boiling.  Add  alcohol  of 
about  80  per  cent,  by  volume  to  the  residue  and  let  it  stand  for 
some  time,  pour  the  alcoholic  solution  through  a  small  filter,  and 
treat  the  residue  if  necessary  a  few  times  with  small  qnantities  of 
alcohol  of  the  same  strength,  until  it  appears  to  be  pure  potassium 
platinic  chloride.  Bring  this  upon  the  filter  and  wash  completely 
by  applying  repeatedly  small  quantities  of  the  same  alcohol.  Dry 
next  the  filter  and  its  contents  in  the  funnel,  for  it  is  neceesar}' 
that  the  alcohol  should  be  completely  volatilized.  Transfer  the 
contents  of  the  filter  carefully  to  a  watch-glass,  and  place  the  filter 
back  into  the  funnel  and  dissolve  and  wash  ont  the  Email  quantity 
of  adhering  potassium  platinic  chloride  with  hot  water.  Evaporate 
the  yellow  solution  thus  obtained  to  dryness  in  a  weighed  platinum 
vessel.  Then  bring  the  chief  quantity  of  the  precipitate  into  the 
platinum  dish  and  dry  the  whole  to  a  constant  weight  at  130°  C. 

If  the  quantity  of  potassium  platinic  chloride  obtained  is  very 
email,  the  whole  may  be  dissolved  from  the  filter,  evaporated  and 
dried  in  the  same  maimer.* 

0.  Potassium  salts  of  non-volatile  acids  (phosphoric  acid,  bora- 
eic  acid,  &C.). 

Make  a  concentrated  solution  of  the  salt  in  water,  add  some 
hydrochloric  acid,  and  platinic  chloride  in  excess,  mix  with  a 
tolerable  quantity  of  the  strongest  alcohol,  let  the  mixture  stand 
24  hours  ;  after  which  filter,  and  proceed  as  directed  in  a. 

Properties  of  the  precipitate,  g  68.  This  method,  if  properly 
executed,  gives  satisfactory  results.  Still  there  is  generally  a 
trifling  loss  of  substance,  potassium  platinic  cliloride  not  being 
absolutely  insoluble  even  in  strong  alcohol.  In  accurate  analyses, 
therefore,  the  alcoholic  washings  must  be  evaporated,  with  addi- 
tion of  a  little  pure  sodium  chloride,  at  a  temf>erature  not  exceed- 
ing 75°,  nearly  to  dryness,  and  the  residue  treated  once  more  with 

*  When  many  succeagive  determinatioiiB  are  to  be  made,  especinlly  in 
tecbnical  aaalyees,  much  time  cbd  be  saved  by  UBing  Qooch's  apparatus  <Bee 
p.  100}  for  washing  and  weighing  the  EiPtCU. 
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alcoliol  of  80  per  cent.  A  trifling  additional  amonnt  of  potaseium 
platinic  cliloride  is  thne  obtained,  winch  is  either  added  to  the 
principal  precipitate  or  collected  on  a  separate  email  filter,  and 
weighed  by  dissolving  from  the  filter  and  evaporating  to  dryncGa 
as  above  described.  The  object  of  the  addition  of  a  little  sodiom 
chloride  to  the  platinic  chloride  h  to  obviate  the  decomposition 
to  which  pnrc  platinic  chloride  is  more  liable,  npon  evaporation  in 
alcoholic  solution  alone,  than  it  is  when  mixed  with  sodinm  pla- 
tinic cliloride.  The  atmosphere  of  a  laboratory  often  contains 
ammonia,  which  might  give  rise  to  the  formation  of  some  am- 
monium platinic  chloride,  and  to  a  conseqnent  increase  of  weight 
in  the  potasaimn  salt. 

4.  VUuTnetri^:  determination  after  corwersion  into  P<Aa»- 
sivm  Silicojluoride. 

To  the  moderately  concentrated  solution  of  the  potsssiam  salC 
in  a  beaker  add  a  sufficiency  of  hydrofluoeilicic  acid,*  and  then  an 
equal  volume  of  pure  strong  alcohol.  If  the  potassium  salt  was 
difficultly  soluble  (snch  as  potassium  platinic  chloride),  warm  it 
with  the  hydrofluoeilicic  acid  before  adding  the  spirit.  The  potas- 
sium eilicofinonde  will  separate  as  a  translucent  precipitate ;  when 
it  has  settled,  filter,  wash  out  the  beaker  with  a  mixture  of  equal 
parts  strong  alcohol  and  water,  and  wash  the  precipitate  with 
the  same  mixture  till  the  washings  are  no  longer  acid  to  litmna 
paper.  Put  the  filter  and  precipitate  into  the  beaker  previously 
used,  treat  with  water,  add  some  tincture  of  litmus,  heat  to  boil- 
ing, and  add  standard  potash  solution  (§  192)  till  the  fluid  is  jnst 
blue,  and  remains  so  after  continued  boiling.  The  reaction  is  as 
follows :  (KF).SiF.  +  4K0H  =  6KF  +  Si(OH).,  consequently 
3  atoms  potassium  in  the  standard  solution  correspond  to  1  at 
potassium  originally  present  and  precipitated  as  potassium  eilico- 
fluoride(FB.  SroLBAt). 

If  the  solution  of  the  potassium  salt  contains  mncti  free  acid, 
particularly  sulphuric  acid,  this  is  to  l>e  removed  by  heat  before 
adding  the  hyrofluosilicic  acid.  Small  quantities  of  ammonium 
salts  are  of  no  influence,  large  quantities  should  be  removed. 
It  need  hardly  be  mentioned  that  other  metals  precipitable  by 


•  W.  Knop  irad  W.  WoLK  use  hvdroauodllcate  of  anUine  Instead.— Zeit 
schr.  f.  anal.  Cliem.  1.  471. 

f  Zeitscbr.  f.  anal.  Cbem.  8.  398. 
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hydroflaoeilicic  acid  must  be  absent  The  results  are  satlsfactoiy. 
Stolba  obtained  99*2  to  100  per  cent.  PotafiBinm  platinic  chloride 
m&j  be  easily  converted  into  potaasium  Bilicofluoride ;  hence,  in 
technical  analyses,  the  potassinm  may  be  separated  in  the  first 
form,  and  then  titrated  as  the  latter  (Stolba,  loc.  dt.). 


§98. 

3.  SonnriL 

a.  Solution. 

See  g  97,  a — solution  of  potassa  sodium — all  the  directions 
given  in  that  place  applying  equally  to  the  solution  of  soda  and 
sodium  salts. 

i.  Determinaiion. 

Sodimn  is  determined  either  as  todium  avlphate,  as  sodium 
chloride,  or  as  sodium  carbonate  (§  69).  For  the  alkalimetric  esti- 
mation of  caustic  soda  and  sodinm  carbonate,  see  |§  195  and  196. 

"We  may  convert  into 

1.   SODKJH   SULPHATX;  2.   SoDICM  ChLOKIDB. 
In  general  the  sodium  salts  corresponding  to  the  potassium 
salts  specified  under  the  analogons  potassium  compounds,  §  97. 

3.  SoDittH  Cakbohatb. 

Caustic  soda,  sodium  hydrogen  carbonate,  and  sodium  salts  of 
organic  acids,  also  sodium  nitrate  and  sodium  chloride. 

In  sodium  borate  the  sodium  is  estimated  best  as  sodium  sul- 
phate (§  136) ;  in  the  phosphate,  as  sodium  chloride,  or  sodium 
carbonate  (§  135). 

Sodium  salts  of  organic  acids  are  determined  either,  like  the 
corresponding  potassium  compounds,  as  chloride,  or — by  preference 
— as  carbonate.  (This  latter  method  is  not  so  well  adapted  for 
potassium  salts.)  The  analyst  most  here  bear  in  mind,  that  when 
carbon  acts  on  fusing  sodium  carbonate,  carbon  monoxide  escapee, 
and  caustic  soda  in  not  inconsiderable  quantity  is  formed. 
1.  Determination  as  Sodivim  Su^haie. 

If  alone  and  in  aqueous  solution,  evaporate  to  dryness,  ignite 
and  weigh  the  residue  in  a  covered  platinum  crucible  (§4^).  The 
process  does  not  involve  any  risk  of  loss  by  decrepitation,  as  in  the 
case  of  potassium  sulphate.    If  free  sulphuric  aoid.  bappeos  to-be 


by  Google 


216  DETERMINATION.  [§  98 

present,  this  is  removed  in  the  same  way  as  io  the  case  of  potaii- 
siam  sniphate. 

With  r^ard  to  the  eonversioii  of  eodiam  chloride,  Ac,  into 
sodium  sulphate,  see  §  97,  h,  1.  For  properties  of  the  residne,  we 
§  69.    The  method  is  eas;,  and  gives  accurate  results. 

2.  Determination  as  Sodium  Chloride. 

Same  method  as  described  in  1.  The  ralee  given  and  the 
observations  made  in  §  97,  h,  2,  apply  equally  here.  For  propertiea 
of  the  residue,  see  §  69. 

Tho  methods  of  converting  sodium  sulphate,  chromate,  chlorate, 
and  silicate  into  sodium  chloride,  will  be  found  in  Fart  II.  of  this 
Section,  under  the  respective  heads  of  the  acids  which  these  salts 
contain. 

3.  Determination  aa  Sodium  Carbonate. 

Evaporate  the  aqueous  solution,  ignite  moderately,  and  weigh. 
The  resnlts  are  perfectly  accurate.  For  properties  of  the  residne, 
see  §69. 

Caustic  soda  is  converted  into  the  carbonate  by  adding  to  its 
aqueous  solution  ammonium  carbonate  in  excess,  evaporating  at  a 
gentle  heat,  and  igniting  the  residue. 

Sodium  hydrogen  carbonate,  if  in  the  dry  state,  is  converted 
into  the  normal  carbonate  by  ignition.  The  beat  must  be  very 
gradually  increased,  and  the  cmcible  kept  well  covered.  If  is 
aqueous  solution,  it  is  evaporated  to  dryness,  in  a  capacious  silver 
or  platinum  dish,  and  the  residue  ignited. 

Sodium  salts  of  organic  acids  are  converted  into  the  carbonate 
by  ignition  in  a  covered  platinum  crucible,  from  which  the  lid  is 
removed  after  a  time.  The  beat  must  be  increased  very  gradually. 
When  the  mass  has  ceased  to  swell,  the  crucible  is  placed  obliquely, 
with  the  lid  leaning  against  it  (see  §  52,  fig.  42),  and  a  dull  red 
^heat  applied  until  the  carbon  is  consumed  aa  far  as  practicable. 
The  contents  of  the  crucible  are  then  warmed  with  water,  and  the 
.fluid  is  filtered  off  from  the  residuary  carbon,  which  is  carefully 
washed.  The  filtrate  and  rinsings  are  evaporated  to  dryness  with 
the  addition  of  a  little  ammonium  carbonate,  and  tlie  residue  is 
ignited  and  weighed.  The  ammonium  carbonate  is  added,  to  con- 
vert any  caustic  soda  that  may  have  been  formed  into  carbonate. 
The  method,  if  carefully  conducted,  gives  accurate  results ;  how- 
.ever,,  a  small  Joss  of  soda  on  carbonization  is  not  to  be  avoided. 
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Sodiam  nitrate,  or  sodinm  chloride,  may  be  converted  into  car- 
bonate, by  adding  to  their  aqneons  solntion  perfectly  pnre  oxalic 
acid  in  moderate  excess,  and  evaporating  several  times  to  dryness, 
with  repeated  renewal  of  the  water.  All  the  nitric  acid  of  the 
sodium  nitrate  escapes  in  this  process  (partly  decomposed,  partly 
nndecomposed) ;  and  equally  so  all  the  hydrochloric  acid  in  the 
case  of  sodium  chloride.  If  the  residue  is  now  ignited  until  the 
excess  of  oxalic  acid  is  removed,  sodium  carbonate  is  left 


3.  AicMomoH. 

a.  Solution. 

Ammonia  is  soluble  in  water,  as  are  all  ammonium  salts  of  those 
acids  which  claim  our  attention  here.  It  is  not  always  necessary, 
however,  to  dissolve  ammonium  salts  for  the  purpose  of  determin- 
ing the  amount  of  ammonium  contained  in  them. 

b.  Determinaiion. 

Annmoninm  is  weighed,  as  stated  §  10,  either  in  the  form  of 
ammonium  chloride,  or  in  that  of  arrnnonium  pUUinic  chloride. 
Into  these  forms  it  may  be  converted  either  direcUy  or  indirectly 
{i.e.,  after  expulsion  as  ammonia,  and  re-combination  with  an  acid). 
AnuDonium  is  also  frequently  determined  by  volumetric  analysis, 
and  its  quantity  is  sometimes  inferred,  from  the  volume  of  nitrogen. 

"We  convert  directly  into 

1.  AHUOmUU    CHLOBmE. 

Ammonia  gas  and  its  aqueous  solution,  and  also  ammonium  siiUr, 
of  weak  volatile  acids  (ammoninm  carbonate,  anmionium  snlphidc, 
&e.). 

2.  Ahmoniith  Platinic  CnLOBinB. 

Ammonium  salts  of  acids  soluble  in  alcohol,  such  aa  ammonium 
sulphate,  ammoninm  phosphate,  &c. 

3.  The  methods  based  on  the  exphi-siom  of  aickokia  from 
ammonium  compounds,  and  also  that  of  inferring  the  amount  of 
ammonium  from  the  volume  of  nitrogen  eliminated  in  the  dry 
way,  are  equally  applicable  to  all  ammonium  salts. 

The  expulsion  of  ammonia  in  the  dry  way  (by  ignition  with 
Boda-Iime),  and  its  estimation  from  the  volume  of  nitrogen  elimi- 
nated in  the  dry  way,  being  effected  in  the  same  manner  as  the 
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estimation  of  tlie  nitrogen  in  org&nie  comjMnnds,  I  refer  the  stu- 
dent to  tlie  Section  on  oi^nie  analysis.  Here  I  shall  only  give  the 
methods  based  npoa  the  expnlaion  of  anunonia  and  of  nitrogen  in 
the  wet  way.  For  the  alkalimetric  estimation  of  free  ammouia, 
see  §§  195  and  196. 

1.  Determination  as  AmTnonium  Chloride. 
Evaporate  the  aqueous   solution  of  the  animoninm  chloride 

on  the  water-hath,  and  dry  the  residue  at  100°  nntil  the  weight 
i-emaine  constant  (§  42).  The  results  are  accnrate.  The  volatili- 
zation of  the  chloride  is  very  trifling.  A  direct  experiment  gave 
99-94  instead  of  100.  (See  Expt.  15.)  The  presence  of  free 
hydrochloric  acid  makes  no  difference ;  the  conversion  of  caustic 
ammonia  into  ammonium  chloride  may  accordingly  be  effected  by 
eiiperBaturating  with  hydrochloric  acid.  The  same  applies  to  th« 
conversion  of  the  carbonate,  with  this  addition  only,  that  tlie  process 
of  fiupersaturation  mnst  be  conducted  in  an  obliquely-placed  flask, 
and  the  mixture  heated  in  the  same,  till  the  carbonic  acid  is  driven 
off.  In  the  analysis  of  ammonium  sulphide  we  proceed  in  the 
same  way,  taking  care  simply,  after  the  expulsion  of  the  hydrogen 
sulphide,  and  before  proceeding  to  evaporate,  to  filter  off  the  sul- 
phur which  may  have  separated.  Instead  of  weighing  the  ammo- 
nium chloride,  its  quantity  may  be  inferred  by  the  determination 
of  its  chlorine  according  to  §  141,  h,  (Comp.  potassium  chloride, 
§  97,  &,  3.) 

2.  Determination  aa  Ammonium  Platinic  Chloride, 
a.  Ammoniacal  salts  with  volatile  acids. 

Same  method  as  described  in  §  97,  b,  3,  a  (potassium  platinic 
chloride). 

ft.  Ammonium  salts  of  non-volatile  acids. 

Same  method  as  described  §  97,  &,  3,  /3  (potassium  platinic 
chloride).     The  results  obtained  by  these  methods  are  accurate. 

If  you  wish  to  control  the  results,*  ignite  the  double  cliloride, 
wrapped  up  in  the  filter,  in  a  covered  crucible,  and  calculate  the 
atuoont  of  ammonium  from  that  of  the  residuary  platinum.  The 
results  must  agree.     The  heat  must  be  increased  very  gradually .f 

•  If  tlie  ammonium  platinic  chloride  is  pure,  which  may  be  knowD  by  it* 
color  and  general  appearance,  this  control  may  be  diBpeosed  with. 

\  The  best  way  is  to  conlinue  the  application  of  a  moderate  heat  for  a  long 
time,  then  to  remove  the  lid,  place  the  crucible  obliquely,  with  the  lid  leaning 
■gainst  it,  and  burn  the  charred  filler  at  a  graduaUy-locrensed  heat  (H.  Robx). 
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AVant.  of  dae  caution  in  this  respect  is  apt  to  lead  to  loss,  from 
parddes  of  tlie  double  salt  being  carried  away  with  the  ammonium 
chloride.  Very  small  quantities  of  ammonium  platinic  chloride 
ai'e  collected  on  an  unweigbed  filter,  dried,  and  at  once  reduced  to 
platinum  by  ignition.* 

3.  l^imation  by  Repulsion  of  the  Ammonia  in  the  Wet 
Way. 

This  metliod,  which  is  applicable  in  all  cases,  may  be  ejected 
in  two  diSerent  ways,  viz. : 

a.  Expulsion  ov  the  Ammonia  bt  Dishllatioii  wrrH  Solution 
OP  PoTAssA,  or  Soda,  or  with  Milk  of  Lime. — Applicable  in  all 
cases  where  no  nitrogenous  organic  matters  from  which  ammonia 
might  be  evolved  upon  boiling  with  solution  of  potaesa,  &c.,  are 
present  with  the  ammoninm  salts. 

Weigh  the  substance  under  examination  in  a  small  glass  tube, 
three  centimetres  long  and  one  wide,  and  put  the  tube,  with  the 
eabstance  in  it,  into  a  flask  containing  a  suitable  quantity  of  mod- 
erately concentrated  solution  of  potassa  or  soda,  or  milk  of  lime, 
from  which  every  trace  of  ammonia  has  been  removed  by  protracted 
eballition,  but  which  has  been  allowed  to  get  thoroughly  cold 
^ain  ;  place  the  flask  in  a  slanting  position  on  wire-ganze,  and 
immediately  connect  it  by  means  of  a  glass  tube  bent  at  an  obtuse 
angle,  with  the  glass  tube  of  a  small  cooling  apparatus.  Connect 
the  lower  end  of  this  tube,  by  means  of  a  tight-fitting  perforated 
cork,  with  a  sufficiently  large  tubulated  receiver  which  is  in  its 
tarn  connected  with  a  U-tube  by  means  of  a  bent  tube  passing 
through  its  tubulnre. 

If  you  wish  to  d^ermine  volttmetrically  the  quantity  of  ammo- 
nia expelUd,  introduce  the  larger  portion  of  a  measured  quantity 
of  standard  solution  of  acid  (sulphnric,  hydrochloric,  or  oxalic, 
§  192),  into  the  receiver,  the  remainder  into  the  U-tube ;  add  to 
the  portion  of  flnid  in  the  latter  a  little  water,  and  color  the  liquids 
in  the  receiver  and  U-tube  red  with  1  or  2  c  c.  of  tinctnro  of  lit- 
mus. The  cooling-tube  must  not  dip  into  the  fluid  in  the  receiver; 
the  fluid  in  the  U-tube  must  completely  fill  the  lower  part,  but  it 
must  not  rise  high,  as  otherwise  the  passage  of  air  bubbles  might 

*  In  a  aeries  of  experimeDlB  to  get  the  platinum  from  pure  and  perfectlj 
anhydrous  ammonium  platinic  cblorida,  bj  very  cautious  ignition,  Hr.  Lncnn, 
one  ot  my  pupils,  obluned  from  44  1  to  44  3  per  cent  of  tbe  metal,  instead  of 
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easily  occasion  loss  by  spirting.  The  quantity  of  acid  need  miist 
of  coarse  be  more  than  sufficient  to  fix  the  whole  of  the  ammonia 
expelled. 

When  the  apparatus  is  fally  arranged,  and  yon  have  ascertained 
that  all  the  joints  are  perfectly  tight,  heat  the  contents  of  the  fiafik 
to  gentle  ebnllitioD,  and  continue  the  application  of  the  same 
degree  of  heat  aatil  the  drops,  as  they  fall  into  the  receiver,  have 
for  some  time  altogether  ceased  to  impart  the  least  tint  of  bine  to 
the  portion  of  the  fiuid  with  which  they  first  come  in  contact 
Loosen  the  cork  of  the  fiask,  allow  to  stand  half  an  hoar,  pour 
the  contents  of  the  receiver  and  U-tnbe  into  a  beaker,  riosing  out 
with  small  qnantities  of  water,  determine  finally  with  a  standard 
eolation  of  alkali  the  quantity  of  acid  still  free,  vhich,  by  eimple 
Bobtraction,  will  give  the  amount  of  acid  which  has  combined  with 
tiie  ammonia ;  and  from  this  you  may  now  calcalat«  the  smoaut  of 
the  latter  (§  192).     Results  accurate,* 

If  you  wish  to  detsrmins  by  the  gra/mmetric  method  the  gvar^ 
ti^  of  ammonia  expelUd,  receive  the  ammonia  evolved  in  a  qaao- 
tity  of  hydrochloric  acid  more  than  sufficient  to  fix  the  whole  of  it, 
and  determine  the  ammonium  chloride  formed,  either  by  simple 
evaporation,  after  the  directions  of  1,  or  as  ammonium  platinic 
chloride,  after  the  directions  of  2. 

b.  Expulsion  of  the  Ahuoitia  by  Kile  of  Lime,  wrrHon 
Application  of  Heat. — This  method,  recommended  by  Schlosdig, 
is  based  upon  the  fact  that  an  aqueous  solution  containing  free 
ammonia  gives  off  the  latter  completely,  and  in  a  comparatively 
short  time,  when  exposed  in  a  shallow  vessel  to  the  air,  at  the  com- 
mon temperature.  It  finds  application  in  cases  where  the  presence 
of  organic  nitrogenous  substances,  decomptn^ablc  by  lx)iling  alkalies, 
forbids  the  use  of  the  method  described  in  3,  u ;  thns,  for  instance, 
in  the  estimation  of  the  ammonia  in  urine,  manures,  &c. 

The  fiuid  containing  the  ammonia,  the  volume  of  which  most 
not  exceed  35  c  c.,  is  introduced  into  a  shallow  flat-bottomed  vcs- 
pel  from  10  to  13  centimetres  in  diameter ;  this  vessel  is  put  on  a 
plate  filled  with  mercnrj'.  A  tripod,  made  of  a  massive  glass  rod, 
is  placed  in  the.  vessel  which  contains  the  solution  of  the  ammonium 
salt,  and  a  saucer  or  shallow  dish  with  10  c.  c,  of  the  normal  solu- 
tion of  oxalic  or  sulphuric  acid  (§  192)  put  on  it.  A  beaker  isnow 
*  [Id  thuB  estiraating  minute  quantities  of  ammonia,  the  condensing  tube 
must  be  of  tin,  since  gtasafietdEawnEible  amount  of  nlksli  to  bot- water  vapor.] 
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inverted  over  the  whole.  Tlie  beaker  \b  lifted  up  on  one  side  us 
far  ad  is  reqaired,  and  a  sufficient  quantity  of  niilk  of  lime  added 
by  meane  of  a  pipette  (Mrhicb  Bhonld  not  be  drawn  out  at  the  lower 
end).  The  beaker  is  then  rapidly  pressed  down,  and  weighted 
with  a  stone  slab.  After  fortj-eigkt  hoars  the  glass  is  lifted  up, 
and  a  slipof  moist  reddened  Htmns  paper  placed  in  it;  if  no  change 
of  color  is  observable,  this  is  a  sign  that  the  expulsion  of  the  ammo- 
nia is  complete ;  in  the  contrary  case,  the  glass  must  be  replaced. 
Instead  of  the  beaker  and  plate  with  mercury,  a  bell-jar,  with  a 
ground  and  greased  rim,  placed  air-tight  on  a  level  glass  plate,  may 
he  used.  A  bell-jar,  having  at  the  top  a  tubular  opening,  fumiehcc 
with  a  close-fitting  glass  stopper,  answers  the  purpose  best,  as  ii 
permits  the  introduction  of  a  slip  of  red  litmus  paper  suspended 
from  a  thread ;  thns  enabling  the  opei-ator  to  see  whether  the  com- 
bination of  the  ammonia  with  the  acid  is  completed,  without  the 
necessity  of  removing  the  bell-jar.  According  to  Schlosino,  forty- 
eight  hoars  are  always  sufficient  to  expel  O'l  to  1  gramme  of  ammo- 
nia from  25  to  35  c.  c.  of  solution.  However,  I  can  admit  this 
statement  only  as  regards  quantities  up  to  03  grm. ;  quantities 
above  this  often  require  a  longer  time,  I,  therefore,  always  prefer 
operating  with  quantities  of  substance  containing  no  more  than  0*3 
grm.  ammonia  at  the  most. 

When  all  the  ammonia  has  been  expelled,  and  has  entered  into 
combination  with  the  acid,  the  quantity  of  acid  left  free  i8  deter- 
mined by  means  of  standard  solution  of  alkali,  and  the  amount  of 
the  ammonia  calculated  from  the  result  (§  192). 

4.  Eitimaiion  by  3epul»um  of  the  Niirogen  in  the  Wet 
Way. 

A  process  for  determining  ammonium  by  means  of  the  azo- 
toraeter  has  been  given  by  W,  Knop.*  It  depends  on  the  sep^ 
ration  of  the  uiti-ogenby  a  bromized  and  strongly  alkaline  solution 
of  Eodlnm  hypochlorite.+ 

[The  Bimpleet  azotometer  is  that  described  by  Hdhpf.j:     It 

•  Cbem.  CeDtralbl.  1860,  344. 

f  Tbla  IB  prepared  as  follows: — Dissolve  1  part  of  sodium  carbODSte  in  IS 
parts  of  water,  cool  the  fluid  with  ice,  saturate  perfectly  with  cblorine,  keeping 
rotd  all  the  while,  and  add  atrong  Bnd» solution  (of  35  per  cent.)  till  the  mixture 
DO  rubbing  between  the  fingers  makes  llie  skin  slippery.  Before  uaing,  add  to 
the  quantity  required  for  the  series  of  uiperimeDta  bromine  in  the  proportion  of 
3-3  grm.  to  tbe  litre,  and  shake.  \  Frea.  Zeit..  VI.  8&8. 
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consiete  of  a  bnrette  of  50  or  100  c.  c.  stationed  in  a  glass  cylinder 
nearly  filled  with  mercury,  and  connected  by  a  stout  caoutcLouc 
tube  with  a  Email  bottle,  a,  fig.  49,  to  which  is  fitted  a  soft,  thrice- 
perforated  caoutchouc  stopper.  The  stopper  carries  a  thermometfir 
and  two  short  glass  tubes,  one  of  which  joins  it  to  the  burette,  and 
the  other  has  attached  a  short  bit  of  caoatchouc  tubing  and  a  pinch- 
cock,  e.  The  weighed  ammonium  salt  (not  more  than  0*4  grm.)  is 
pUced  in  the  tube,  /,  with  10  c.  c,  of  water,  and  50  c,  c.  of  the 
bromized  hypochlorite  solution  are  brought  into  the  bottle,  a. 
The  cock,  e,  being  open,  the  stopper  is  firmly  fixed  in  its  place,  and 
the  bnrette  is  depressed  in  the  mercury  un- 
til its  uppermost  degi'ee  exactly  coincides 
with  the  surface  of  the  metal.  The  cock  is 
then  closed,  and  the  bottle  is  inclined  to 
bring  the  two  substances  in  contact.  The 
ammoninm  salt  is  speedily  decomposed. 
When  no  further  evolution  of  gas  takes 
place  the  burette  is  so  adjusted  that  the 
level  of  the  mercury  without  and  within  it 
sliall  nearly  coincide,  and  the  operator  waits 
10-20  minutes,  or  until  the  thermometer  iu 
a  indicates  the  same  temperature  as  the  sur- 
rounding air.  Then  the  adjustment  of  the 
bnrette  to  exact  coincidence  of  the  mereuiy 
level,  within  and  without,  is  effected,  and 
the  volume  of  the  gas  is  read  off.  The  stand 
of  the  thermometer  and  barometer  are  also 
noted,  and  the  recorded  volume  of  nitrogen 
is  corrected  by  use  of  the  tables  on  pp.  223 
and  224-225,  by  Diitbich. 

The  fii-st  table  gives  a  correction  for  the 
nitrogen  which  is  absorbed  by  the  60  e.  e.  of  liquid  in  the  bottle  a. 
The  amount  varies  with  the  relative  volumes  of  air  and  nitrogen, 
and  is  determined  empirically  by  decomposing  known  quantities  of 
ammonia  and  noting  the  difference  between  the  obtained  and  the 
theoretical  volume  of  nitrogen.  The  correction  holds  strictly,  of 
course,  only  for  a  solution  of  such  strength  as  that  employed  by 
Dietrich  and  at  the  mean  temperatures. 

The  second  table  serves  to  spare  the  labor  of  calcniation.    The 
weight  of  1  c.  c.  of  nitrogen,  measured  e.  g.  at  754  mm.  of  barome- 
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ter  and  15°  C,  is  fouitd  at  tbc  intersection  of  the  vertical  colaran 
lii  with  the  horizontal  coluiim  15°,  is,  viz.,  I'i6187. 

To  the  ohserved  volume  of  nitrogen  add  the  amonnt  abeorbed 
as  per  Table  I.,  and  correct  tlie  total  by  Table  II.  It  Bcarcely 
requires  to  be  mentioned  that  good  results  can  only  be  obtained  in 
an  apartment  where  the  temperature  is  nniform,  and  when  care  is 
exercised  to  avoid  wanning  the  apparatus  in  handling.  See  Dixr- 
bioh'b  papers.* 

§100. 
Supplement  to  the  First  Grovp. 


In  the  absence  of  other  bases,  lithium  may,  like  potasdnm 
and  sodium,  be  converted  into  anhydrous  sulphate,  and  weighed 
in  tliat  form  (Li,SO,).  As  lithinm  forms  no  acid  sulphate,  the 
excese  of  sulphuric  acid  may  be  readily  removed  by  simple  igni- 
tion. LrrniuM  cabbonate  also,  which  is  difficultly  soluble  in 
water,  and  fuses  at  a  red  heat  without  suffering  decomposition,  is 
well  suited  for  weighing ;  whilst  lithium  chloride,  which  deliquesces 
in  the  air,  and  is  by  ignition  in  moist  air  converted  into  hydro- 
chloric acid  and  lithium  oxide,  is  tinfit  for  the  estimation  of 
lithium. 

In  presence  of  other  alkali  metals,  lithium  is  best  converted 
into  LmiiuM  phosphate  (Li,PO,),  and  weighed  in  that  form.  This  is 
effected  by  the  following  process:  add  to  the  solution  a  sufficient 
quantity  of  sodium  phosphate  (which  must  be  perfectly  free  from 
phosphates  of  the  alkali-earth  metals),  and  enough  soda  to  keep  the 
reaction  alkaline,  and  evaporate  the  mixture  to  dryness;  ponr 
water  over  the  residue,  in  sufficient  quantity  to  dissolve  the  soluble 
salts  with  the  aid  of  a  gentle  heat,  add  an  equal  volume  of  solution 
of  ammonia,  digest  at  a  gentle  heat,  filter  ^ter  twelve  hours,  and 
wash  the  precipitate  with  a  mixture  of  equal  volumes  of  water  and 
solution  of  ammonia.  Evaporate  the  filtrate  and  first  washings  to 
dryness,  and  treat  the  residue  in  the  same  way  as  before.  If  some 
more  lithium  phosphate  is  thereby  obtained,  add  this  to  the  prin- 
cipal quantity.  The  process  gives,  on  an  average,  99*61  for  100 
parte  of  lithium  oxide. 

•EYes.  Zeit  HI  103^  TV.  141.  and  V.  86. 
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If  the  qnaotity  of  lithinm  present  is  relatively  very  Email, 
the  larger  portion  of  the  potassa  or  Boda  compoandB  Bhoald  first  be 
removed  by  addition  of  absolute  alcohol  to  tlie  moat  highly  con- 
centrated solntion  of  the  salts  (chlorides,  bromides,  iodides,  or 
nitrates,  but  not  Bulphates) ;  since  this,  by  lessening  the  amount  of 
vrater  required  to  effect  the  separation  of  the  lithium  phosphate 
from  the  soluble  salts,  will  prevent  loss  of  lithium  (W,  Mayee).* 

The  precipitated  normal  lithium  phosphate  has  the  foi-mula 
2Lf,PO,  +  H,0.  It  dissolves  in  2539  parts  of  pure,  and 
3920  parts  of  ammoniated  water ;  at  100°,  it  completely  loses  its 
water ;  if  pure,  it  does  not  cake  at  a  moderate  red  heat  (Mayee). 

The  objections  raised  by  KAuuELSBEBGt  to  Mater's  method 
of  estimating  lithia  I  find  to  be  nngrounded.  According  to  my 
own  experience,  it  appears  that  the  filtrate  and  wash-water  must 
be  evaporated  ia  a  platinum  dish  not  only  once,  but  at  least  twice 
— in  fact,  till  a  residue  is  obtained  which  is  completely  soluble  in 
dilute  ammonia.  Lithium  phosphate  may  be  dried  at  100°,  or 
ignited  according  to  §  53,  before  being  weighed.  In  the  latter 
case,  care  mnet  be  taken  to  free  the  filter  a$  much  as  possible  from 
the  precipitate  before  proceeding  to  incinerate  it.  I  have  thus 
obtained,  J  instead  of  100  parts  lithium  carbonate,  by  drying  at 
100°,  99-84,  99-89,  100-41,— by  igniting  99-66  and  100-05.  The 
lithinm  phosphate  obtained  was  free  from  sodiom. 

Seoond  Or&up. 

BABIDM — BTBOimDH — CALCIUM — HAQNESIDH. 
§   101. 

1.  BABtnu. 
"     a.  Sotutum. 

Caustic  baryta  is  soluble  in  water,  as  are  many  barium  salts. 
I'arium  salts  which  are  insoluble  in  water  are,  with  almost  the 
single  exception  of  the  sulphate,  readily  dissolved  by  dilute  hydro- 
chloric acid.  The  solution  of  the  sulphate  is  effected  by  fusion 
with  sodium  carbonate,  &c.    (See  §  132.) 

*  Annsl.  der  Chem.  u.  PhArm.  98,  198.  where  Hajer  baa  also  demonUntled 
ihe  noD-esislcDce  of  a  sodium  lithium  phosphate  of  fixed  compos! t[oD(Berzel[uB), 
DT  of  mrjiag  composition  (Bsmmelsberg). 

t  Pogg-  A-waal.  103,  44S.  t  Zeitschr.  f.  A.jia.\jt.  Chem.  1,  43. 
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i.  Determination. 

Bariam  is  weighed  either  as  aulphaie  or  as  carbontUe,  rarely 
(id  the  separation  from  strontia)  as  barium  nlico-fiuorida  (§  Tli. 
Barium  oxide  or  hydroxide,  also  barium  oarbomite,  may  also  be 
determined  hy  the  volumetric  (alkalimetric)  method.  Comp. 
§198. 

We  may  convert  into 

1.  BABiim  Sulphate. 

a.  By  Precipitaiion.  J,  By  Evaporation. 

All  barium  compounds  with-  All  barinm  salts  of  volatile 

oat  exception.  acids,  if  no  other  non-volatile 

body  is  present. 

2.  Babivu  Cakborate. 

a.  All  barium  salts  soluble  in  water. 

h.  Barium  salts  of  organic  acids. 

Barium  is  botli  precipitated  and  weighed,  by  far  the  most  fre- 
quently as  sulphate,  the  more  eo  as  this  is  the  form  in  which  it  is 
most  conveniently  separated  from  other  bases.  The  determination 
by  means  of  evaporation  (1,  b)  is,  in  cases  where  it  can  be  applied, 
and  where  we  are  not  obliged  to  evaporate  large  quantities  of  fluid, 
very  exact  and  convenient.  Barium  is  determined  as  carbonate  in 
the  wet  way,  when  from  any  reason  it  is  not  possible  or  not  desir- 
able to  precipitate  it  as  sulphate.  If  a  fluid  or  dry  substance  con- 
tains bodies  which  impede  the  precipitation  of  barium  as  sulphate 
or  carbonate  (alkali  citrates,  metaphosphoric  acid,  see  g  71,  a  and 
J),  snch  bodies  must  of  course  be  got  rid  of,  before  proceeding  to 
precipitation. 

1.  Determination  as  Barinm  Sulphate. 

a.  By  Precipitation. 

Heat  the  moderately  dilute  solution  of  barinm,  which  muat  not 
contain  too  ranch  free  acid  (and  must,  therefore,  if  necessaiy,  firet 
be  freed  therefrom  by  evaporation  or  addition  of  sodium  carbo- 
nate), in  a  platinum  or  porcelain  dish,  or  in  a  glass  vessel,  to  incipi- 
ent ebullition,  add  dilute  sulphuric  acid,  as  long  as  a  precipitate 
forms,  keep  the  mixture  for  some  time  at  a  temperature  very  near 
the  boiling  point,  stirring  if  not  on  a  water-bath,  and  allow  the 
precipitate  to  subside ;  decant  the  almost  clear  supernatant  fluid  on 
:i  filter,  boil  the  precipitate  once  with  water  and  a  little  dilute  sul- 
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phuric  acid,  then  three  or  four  times  with  water,  tlien  ti-ansfer  it 
to  the  filter,  and  wash  with  boiling  water,  until  the  filtrate  is  no 
longer  rendered  tnrbid  by  barinm  chloride.  Dry  the  precipitate, 
and  treat  it  as  directed  in  §  53.  If  the  precipitate  has  been 
properly  washed  in  the  manner  here  directed,  it  is  perfectly  pnre. 
In  the  presence  of  alkali  salts,  however,  the  precipitate  will  etill 
contain  small  qaantitiee  of  alkali  sulphate. 

b.  By  Eoaprn'otion. 

Add  to  the  solation,  in  a  weighed  platinam  dish,  pure  Bolpharic 
acid  very  slightly  in  excess,  and  evaporate  on  the  water-bath; 
expel  the  excess  of  enlphuric  acid  by  cautious  application  of  heat, 
and  ignite  the  residue^ 

For  the  properties  of  barinm  sulphate,  see  §  71. 

Both  methods,  if  properly  and  carefully  executed,  give  almost 
absolutely  accurate  results. 

2.  Deter-mination  as  Barium  Carbonate. 

a.  In  Solutions. 

Mix  the  moderately  dilute  solution  of  the  barinm  salt  in  a 
lieaker  with  ammonia,  add  ammonium  carbonate  in  slight  excess, 
and  let  the  mixture  stand  several  hours  in  a  warm  place.  Filter, 
wash  the  precipitate  with  water  mixed  with  a  Uttle  ammonia,  dry, 
and  ignite  (§  53). 

For  the  properties  of  the  precipitate,  see  g  71.  This  method 
involves  a  trifling  lose  of  substance,  as  barium  carbonate  is  not 
absolutely  insoluble  in  water.  The  direct  experiment,  No.  62, 
gave  99-7&  instead  of  100. 

If  the  solution  cont^ns  a  notable  quantity  of  ammonium  Baltn, 
the  loss  incurred  is  much  more  considerable,  since  the  presence  of 
snch  salts  greatly  increases  the  solubility  of  barium  carbonate. 

h.  In  Barium  Salts  of  Organic  Adds. 

Heat  the  salt  slowly  in  a  covered  platinum  cnicible,  nntil  no 
more  fmnes  are  evolved;  place  the  cnicible  obliquely,  with  the 
lid  leaning  against  it,  and  ignite,  until  the  whole  of  the  carbon  is 
consumed,  and  the  residue  presents  a  perfectly  white  appear- 
ance: moisten  the  residue  with  a  concentrated  solution  of  amino- 
ninm  carbonate,  evaporate,  ignite  gently,  and  weigh.  The  results 
obtained  by  this  method  are  quite  satisfactory.  A  direct  experi- 
ment. No.  63,  gave  99'61  instead  of  100.  The  loss  of  substance 
which  almost  invariably  attends  this  method  is  owing  to  particles 
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of  the  salt  being  carried  away  with  the  fmnefl  evoived  upon  igai 
tioD,  and  is  accordingly  the  leee  considerable,  the  more  slowly  and 
gradnally  the  heat  is  increased.  Omission  of  the  moistening  of 
the  residue witli  ammonium  carbonate  would  involve  a  further  loss 
of  snbstance,  as  the  ignition  of  barinm  carbonate  in  contact  with 
carbon  is  attended  with  formation  of  some  caustic  baryta,  carbon 
monoxide  gas  being  evolved. 

§102. 

2.    STBONTttlH. 

a.  Solution. 

See  the  preceding  paragraph  (§  101,  a, — Solution  of  baiyta  and 
barium  salts),  the  directions  there  given  apply  equally  here. 

b.  Deter'mination. 

Strontium  is  weighed  either  as  strontium  sulphate  or  as  rfnm- 
tiuin  carbonate  (§  73).  Strontium  in  the  form  of  oxide,  hydrox- 
ide, or  carbonate,  may  be  determined  also  by  the  volometiie 
(alkalimetric)  method.     Comp.  §  198. 

We  may  convert  into 

1.  Stbontidu  Sclpbate. 
a.  By  Precipitation. 

All  compounds  of  strontium  without  exception. 
h.  By  Evaporation. 

All  strontimn  salts  of  volatile  acids,  if  no  other  non-volatile 
body  is  present. 

2,  STKONrnm  Cakbohatb. 

a.  AH  strontium  compounds  soluble  in  water. 

p.  Strontium  salts  of  organic  acids. 

The  method  based  on  the  precipitation  of  strontium  with  snl- 
phuric  acid  yields  accurate  results  only  in  cases  where  the  fluid 
from  which  the  strontium  is  to  be  precipitated  may  be  mixed, 
without  injury,  with  alcohol.  Where  this  cannot  be  done,  and 
where  the  method  based  on  the  evaporation  o£  tlie  solution  of 
strontium  with  sulphuric  acid  is  equally  inapplicable,  the  conver- 
sion into  the  carbonate  ought  to  be  resorted  to  in  preference,  if 
admissible.  As  in  the  case  of  barium,  so  here,  we  have  to  be  on 
our  guard  against  the  presence  of  substances  which  would  impede 
precipitation. 
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1.  Ddarmitiation  an  Strontium  Sulphate. 

a.  By  Precipitation. 

Mix  the  solution  of  the  Btrontium  salt  (which  moat  not  be  too 
dilate,  nor  contain  ranch  free  hydrochloric  or  nitric  acid)  with 
dilute  enlphuric  acid  in  exccBs,  in  a  beaker,  and  add  at  least  an 
equal  volume  of  alcohol ;  let  the  mixture  stand  twelve  hours, 
and  filter;  wash  the  precipitate  with  dilute  alcohol,  dry  and  ignite 
(§53). 

If  the  circamstances  of  the  case  prevent  the  nse  of  alcohol,  the 
fluid  must  be  precipitated  in  a  tolerably  concentrated  state,  allowed 
to  stand  in  the  cold  for  at  least  twenty-fonr  hours,  filtered,  and  the 
precipitate  washed  with  cold  water,  until  the  last  rinsings  manifest 
QO  longer  an  acid  reaction,  and  leave  no  perceptible  residue  upon 
evaporation.  If  traces  of  free  sulphuric  acid  remain  adhering  to 
the  filter,  the  latter  turns  black  on  drying,  and  crumbles  to  pieces; 
too  protracted  washing  of  the  precipitate,  on  the  other  hand,  tends 
to  increase  the  loss  of  substance. 

Care  must  be  taken  that  the  precipitate  be  thoroughly  dry, 
before  proceeding  to  ignite  it;  otherwise  it  will  be  apt  to  throw 
off  fine  particles  during  the  latter  process.  The  filler,  whicli  is  to 
be  burnt  apart  from  the  precipitate,  must  bo  as  clean  as  possible, 
or  some  loss  of  substance  will  be  incurred ;  as  may  be  clearly  seen 
from  the  depth  of  the  carmine  tint  of  the  flame  with  which  the 
filter  bums  if  the  precipitate  has  Dot  been  properly  removed. 

For  the  properties  of  the  prftcipitate,  see  §  72,  "When  alcohol 
is  nsed  and  the  directions  given  are  properly  adhered  to,  the  results 
are  very  accurate;  when  the  sulphate  of  strontium  is  precipitated 
from  an  aqueous  solntion,  on  the  contrary,  a  certain  amount  of  loss 
is  unavoidable,  as  strontium  sulphate  is  not  absolutely  insoluble  in 
water.  The  direct  experiments.  No.  64,  gave  only  98'12  and  9d'03 
instead  of  100.  However,  the  error  may  be  rectified,  by  calculat- 
ing the  amount  of  strontium  sulphate  dissolved  in  the  filtrate  and 
the  wash-water,  baaing  the  calculation  upon  the  known  degree  of 
solubility  of  strontium  sulphate  in  pure  and  acidified  water.  See 
Expt.  No.  65,  which,  with  this  correijfion,  gave  99"77  instead  of 
100.  The  necessity  for  making  the  coxrcction  may  be  obviated  by 
washing  with  1  part  sulphuric  acid  mixed  with  20  parts  water  till 
all  snbetancea  precipitable  by  alcohol  are  removed,  then  with  alco- 
hol till  all  the  sulphuric  acid  is  i-emoved.  Strontium  sulphate  also 
carries  down  sulphates  of  other  strong  bases  in  small  quantities. 
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b.  By  EvaporcUion. 

The  same  method  as  described  for  barium,  §  101,  1,  S. 
3.  Determination  ae  Strontium  Carbonate, 

a.  In  Solutions. 

The  eamo  method  as  described  §  101,  S,  a.  For  the  proper- 
ties of  the  precipitate,  see  §  73.  The  method  ^res  ver;  accmte 
results,  as  strontium  carbouate  is  nearly  absolntelj  insoluble  in 
water  containing  ammonia  and  ammonium  carbonate.  A  direct 
experiment,  No.  66,  gave  99-82  instead  of  100.  Presence  of 
ammoninm  salts  exercises  here  a  less  adverse  influence  than  the 
precipitation  of  barium  carbonate. 

b.  In  SaUa  of  Organic  Acids. 

The  same  method  as  described  §  101,  2,  b.  The  remarks  made 
there,  respecting  the  accuracy  of  the  results,  applj  equally  here. 

§103. 

3.  CALcnw. 

a.  Solution. 

See  %  101,  a. — Solution  of  barium.  Calcium  fluoride  is,  bj 
means  of  sulphuric  acid,  converted  into  calcium  sulphate,  and  the 
latter  a^n.  If  necessary,  decomposed  by  boiling  or  fusing  with 
an  alkali  carbonate  (§  132).  [Calcium  sulphate  dissolves  readily 
in  moderately  dilute  hydrochloric  acid.  It  is  much  less  solable  in 
strong  hydrochloric  acid.] 

b.  Determination. 

Calcium  is  weighed  either  as  caloittm  sulphate,  as  calcium 
carbonate,  or  calcium  oxide  (§  73).  Calcinm  in  the  form  of  oxide, 
hydroxide,  or  carbonate,  may  be  determined  also  by  the  volumetric 
(alkalimetrie)  method.     Comp.  %  198. 

We  may  convert  into 

J.  Calctjm  Sulphate. 


All  calcium  salts  of  acids  soluble  in  alcohol,  provided  no  other 
substance  insoluble  in  alcohol  be  present. 

b.  By  Evaporation. 

All  calcium  salts  of  volatile  acids,  provided  no  non-volatilo  body 
be  present. 
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3.  Calciuh  Cabbonate. 

a.  By  Precipitation  loith  Arrnnon  Carbonate. 

All  calciam  salts  solable  in  water. 

ft.  Sy  pTecipitation  with  AmiiwiiiuHt  Oxalate. 

All  <»1cium  salts  soluble  in  water  or  in  hydrochloric  acid  with- 
out exception. 

c.  By  Iffniiion. 

Calcium  salta  of  organic  acidk 

Of  these  several  methods,  2,  h  (precipitation  with  ammomum 
oxalate)  is  the  one  most  frequently  resorted  to.  This,  and  the 
method  1,  J,  give  the  most  accurate  results.  The  method,  1,  a,  is 
nsoallj  resorted  to  only  to  effect  the  separation  of  calcium  from 
other  basic  radicals ;  2,  o,  generally  only  to  effect  the  separation 
of  calcium  together  with  the  other  alkali-earth  metals  from  the 
alkalies.  As  many  bodies  (alkali  citrates,  and  metaphoephates) 
interfere  with  the  precipitation  of  calciam  by  the  precipitants 
given,  these,  if  present,  must  be  first  removed. 

1,  Determination  of  Calcium  Sulphate, 
a.  £y  Preoipitatitm.. 

Mix  the  solution  of  calcium  salt  in  a  beaker,  with  dilute  sul- 
phuric acid  in  excess,  and  add  twice  the  volume  of  alcohol ;  let 
the  mixture  stand  twelve  hours,  filter,  and  thoroughZy  wash  the 
precipitate  with  alcohol,  dry,  and  ignite  moderately  (§  53).  For 
the  properties  of  the  precipitate,  see  §  73.  The  results  are  very 
accurate.     A  direct  experiment,  No.  67,  gave  99'64  instead  of  100. 

J.  By  Evaporation. 

The  same  method  as  described  §  101,  1,  h. 

2.  Petermination   as   Calcium    Carbonate   or   Caloiufa 
Oxide. 

a.  By  Precipitation  vnth  Armnonium  Carbonate. 

The  same  method  as  described  §  101,  2,  a.  The  precipitate 
can  be  most  conveniently  weiglied  as  calcium  carbonate.  It  must 
be  exposed  only  to  a  very  gentle  red  );ieat,  hut  this  must  be  con- 
tinned  for  some  time.  For  the  propoities  of  the  precipitate,  see 
§73. 

This  method  gives  very  accurate  results,  the  loss  of  substance 
incurred  being  liardly  worth  mentioning. 

If  the  solution  cont^ns  ammonium  chloride  or  similar  ammo- 
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uium  salts  in  considerable  proportion,  the  loss  of  subetance  incurred 
is  far  greater.  The  same  is  the  case  if  the  precipitate  is  washed 
with  pure  instead  of  ammoniacal  water,  A  direct  experiment,  No. 
68,  in  which  pure  water  waa  used,  gave  d9'17  instead  of  100  parts 
of  lime. 

h.  By  PrecipUaHon  with  AmTTumium  Oxalate, 
a.  The  Catevum  Salt  is  aolvhle  in  Water. 

To  the  hot  solution  in  a  beaker,  add  ammonitim  oxalate  in 
moderate  excess,  and  then  ammonia  sufficient  to  impart  an  ammo- 
niacat  smell  to  the  fluid;  cover  the  glass,  and  let  it  stand  in  a 
warm  place  tiQtil  the  precipitate  has  completely  subsided,  which 
will  require  twelve  hours,  at  least.  Pour  the  clear  fluid  gently  and 
cautiously,  so  as  to  leave  the  precipitate  undisturbed,  on  a  lilter ; 
wash  the  precipitate  two  or  three  times  by  decantation  with  hoi 
water;  lastly,  transfer  the  precipitate  also  to  the  filter,  by  rinsing 
with  hot  water,  taking  care,  before  the  addition  of  a  fresh  portion, 
to  wait  until  the  fluid  has  completely  passed  through  the  filter. 
Small  particles  of  the  precipitate,  adhering  firmly  to  the  glass, 
are  removed  with  a  feather.  If  this  fails  to  effect  their  complete 
removal,  they  should  be  dissolved  in  a  few  drops  of  highly  dilate 
hydrochloric  acid,  ammonia  added  to  the  solution,  and  the  oxalate 
obtained  added  to  the  first  precipitate.  -  Deviations  from  the  rules 
laid  down  hero  will  generally  give  rise  to  the  passing  of  a  ttirbid 
fluid  through  the  filter.  After  having  washed  the  precipitate,  dry 
it  on  the  filter  in  the  funnel,  and  transfer  the  dry  precipitate  to  a 
platinum  cnicible,  taking  care  to  remove  it  as  completely  as 
possible  froin  the  filter;  bum  the  filter  on  a  piece  of  platinuta 
wire,  letting  the  ash  drop  into  the  hollow  of  the  lid ;  put  the 
latter,  now  inverted,  on  the  crucible,  bo  that  the  filter  ash  may  not 
mix  with  the  precipitate ;  heat  at  fiist  very  gently,  then  more 
strongly,  until  the  bottom  of  the  crucible  is  heated  to  very  f^nt 
redness.  Keep  it  at  that  temperature  from  ten  to  fifteen  minutes, 
removing  the  lid  from  time  to  time,  I  am  accustomed  during  this 
operation  to  move  the  lamp  backwards  and  forwards  under  the 
crucible  with  the  hand,  since,  if  you  allow  it  to  stand,  the  heat 
may  very  easily  get  too  high.  Finally  allow  to  cool  in  the  desic- 
cator and  weigh.  After  weighing,  moisten  the  contents  of  the 
crucible,  which  must  I)e  perfectly  white,  or  barely  show  the  least 
tinge  of  gray,  with  a  little  water,  and  test  this  after  a  time  with  a 
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minate  elip  of  tnrmeric  paper.  Should  tLe  paper  tnm  brown — a 
Bign  that  the  beat  applied  was  too  Btrong — rinse  off  the  fluid 
adhering  to  the  paper  with  a  little  water  into  the  crucible,  throw 
in  a  Bmall  lamp  of  pure  ammonium  carbonate,  evaporate  to  dry- 
ness (beet  in  the  water-bath),  heat  to  very  faint  rodnesa,  and  weigh 
the  reBidue.  If  the  weight  has  increased,  repeat  the  same  opera- 
tion until  the  weight  remains  constant.  This  method  gives  nearlj 
abeolutelj  accnrate  resnlts ;  and  if  the  application  of  heat  is 
properly  managed,  there  is  no  need  of  the  tedious  evaporation 
with  ammonium  carbonate.  A  direct  experiment,  No.  69,  gave 
99-99  instead  of  100. 

If  a  gas  blowpipe  is  at  hand,  or  any  other  arrangement  by 
means  of  which  a  platinum  crucible  may  be  raised  to  a  white  heat, 
the  calcium  oxalate  may  be  converted  into  caustic  lime  with 
resnlts  almost  equally  accurate;  and  I  believe  that  this  method, 
which  requires  less  patience  than  the  other,  is  moro  certain  to  yield 
good  resnlts  in  the  hands  of  many  persons.  The  calcium  oxalate 
and  the  filter  ash  are  transferred  to  a  moderate-sized  platinnm 
crucible,  which  is  ignited  first  over  the  Bdnsen,  and  then  over  the 
blowpipe.  The  crucible  is  then  weighed,  and  ignited  ^ain  over 
the  blowpipe.  The  second  ignition  over  the  blowpipe  should  not 
reduce  the  weight.  The  duration  of  the  ignition  necessary  varies 
from  5  to  15  or  more  minutes,  according  to  intensity  of  heat  and 
quantity  of  the  precipitate.  It  is  well  to  weigh  the  empty  crucible 
again  at  the  end  of  the  operation,  as  platinum  sometimes  loses 
weight  after  violent  and  prolonged  ignition.  The  resnlte  obtained 
by  Fbttzsche,  Cobba,*  and  Sodchay  scarcely  differ  from  the  calcu- 
lated numbers.     For  properties  of  calcium  oxide.  Bee  §  73. 

The  calcium  oxalate  may  also  be  converted  into  bolpbate. 
ScHBOTTEB  ignitcs  in  a  covered  platinum  crucible  with  pure  ammo- 
nium sulphate.  Or  you  may  ignite  in  a  covered  platinum  diali 
till  the  precipitate  is  for  the  most  part  converted  into  oxide,  add  a 
little  water,  then  hydrochloric  acid  to  effect  solution,  then  pure 
aulphnnc  acid  in  excess,  evaporate  and  ignite  moderately.  This 
prooesB  is  also  quite  accurate. 

Instead  of  converting  calcium  oxalate  into  carbonate  or  oxide 
for  weighing,  the  quantity  of  calcium  present  in  the  salt  may  be 
determined  also  by  two  different  volumetric  methods. 

*  Fkitzschx  (Zcitsclir.  f.  anal.  Cbcm.  8,  179)  and  A.  CoeaA  (lb.  6,  141). 
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a.  Ignite  the  oxalate,  converting  it  thus  into  a  mixture  of  cal- 
cium carbonate  and  oxide,  and  determine  the  quantity  of  the  cal- 
cium by  the  alkalimetric  method  described  in  §  198  ;  or, 

b.  Determine  the  oxalic  acid  in  the  well-washed  but  still  moist 
calcium  oxalate  by  means  of  potassium  permanganate  (§  137). 

With  proper  care,  both  these  volumetric  methods  give  as  accn* 
rate  results  as  those  obtained  by  weighing.  (Comp.  Expt.  No. 
71.)  They  deserve  to  be  recommended  more  particularly  in  cases 
where  an  entire  series  of  quantitative  estimations  of  calcium  has 
to  be  made.  Under  certain  circumstances  it  may  also  prove 
advantageous  to  precipitate  calcium  with  a  measured  quantity  of  a 
standard  solution  of  oxalic  acid,  filter,  and  determine  the  excess  of 
oxalic  acid  in  the  filtrate,  or  an  aliquot  part  of  the  same.  (Kbaut.*) 
/3.  The  SaU  is  inedtMe  in  Water. 

Difisolve  the  salt  in  dilute  hydrochloric  acid.  .If  the  acid  of 
the  calcium  salt  is  of  a  nature  to  escape  in  this  operation  {e.g.,  cat 
bonic  acid),  or  to  admit  of  its  separation  by  evaporation  {e.g.,  silicic 
acid),  proceed,  after  the  removal  of  the  acid,  as  directed  in  a.  Bnt 
if  the  acid  cannot  thus  be  readily  got  rid  of  {e.g.,  phosphoric  acid), 
proceed  as  follows :  Add  ammonia  until  a  pi-ecipitate  begins  to 
form,  re-dissolve  tliis  with  a  drop  of  hydrochloric  acid,  add  ammo- 
nium oxalate  in  excess,  and  finally  sodium  acetate;  allow  the 
precipitate  to  subside,  and  proceed  for  the  remainder  of  the  opera- 
tion as  directed  in  a.  In  this  process  the  free  hydrochloric  acid 
present  reacts  on  the  sodium  acetate  and  ammonium  oxalate, 
forming  sodium  and  ammonium  chlorides,  with  liberation  of  a 
corresponding  amount  of  oxalic  and  acetic  acids  in  which  calcium 
oxakte  is  nearly  insoluble.  The  method  yields  accurate  results. 
A  direct  experiment,  No.  72,  gave  99-78  instead  of  100. 

c.  Sy  Ignition. 

The  same  method  as  described  §  101,  2,  h  (barium).  The  resi- 
due remaining  upon  evaporation  with  ammonium  carbonate  (which 
operation  it  is  advisable  to  perform  twice)  must  be  ignited  veiy 
gently.  The  remarks  made  in  §  101,  2,  h,  in  reference  to  the 
accuracy  of  the  results,  apply  equally  here.  By  way  of  control,  the 
calcium  carbonate  may  be  converted  into  oxide  or  into  calcium 
sulphate  (see  h,  a),  or  it  may  be  determined  alkalimetrically  (§  198). 

•  Cbem.  Ceotnablatt,  1856.  816. 
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§104. 

4.  Maonesiuu. 

a.  SohUion. 

Many  magQesinm  salts  are  soluble  ia  water ;  thoee  which  are 
iDBoluble  in  that  menstranm  disaolve  in  hydrochloric  acid,  with  the 
exception  of  some  Bilicat«8  and  alnmioatee. 

J.  Deierm-mation. 

Magnesium  is  weighed  (§  74)  either  as  sulphate  or  as  jn/ro- 
p/iosphate,  or  as  magnesium  oxide.  lo  the  form  of  oxide  or  car- 
bonate, it  may  be  determined  also  by  the  alkalimetric  method 
described  in  §  198. 

"We  may  convert  into 

1.  Maokesiuh  Sulphate. 

a.  Direct^.  b.  IndirecSy. 

All  magnesium  salts  of  vola-  All  magnesium  salts  soluble 

tile    acids,  provided    no  other    in  water,  and  also  those  which, 

non-voUtile  substance  be  pree-    insoluble  in    that    meoetmum, 

ent.  dissolve    in    hydrocliloric   acid, 

with   separation    of    their   acid 

(provided   no   ammoninni  salts 

be  present). 

2.  MAOKEStlTH   PntOFHOePHATE. 

All  magnesinm  compoonds  withoat  exception. 

3.  Maonesidv  Oxide. 

a.  Magneeinm  salts  of  organic  acids,  or  of  readily  volatile  inor- 
^nic  oxygen  acids. 

h.  Magnesinm  chloride,  and  magnesium  compounds  convertible 
into  that  salt. 

The  direct  determination  as  magnesium  sulphate  is  highly 
recommended  in  all  cases  where  it  is  applicable.  The  indirect  con- 
version into  the  sulphate  serves  only  in  the  ease  of  certain  separa- 
tions, and  is  hardly  ever  had  recourse  to  where  it  can  possibly  be 
avoided.  The  determination  as  pyrophosphate  is  most  generally 
resorted  to ;  especially  also  in  the  separation  of  magnesium  from 
other  bases.  The  method  based  on  the  conversion  of  magnesium 
cUoride  iuto  oxide  is  usually  resorted  to  only  to  effect  the  separu- 
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ion  of  magnesinm  from  the  alkali  metale.    Magneeiom  phoephatei 
tre  analyzed  as  §  135  directs. 

1.  Determination  as  Magnesium  Sulphaie. 

Add  to  the  Botution  excess  of  pnre  dilute  Bnlphuric  acid,  evapo- 
rate to  dryness,  in  a  weighed  platinum  dish,  on  the  water-batli ; 
llien  heat  at  first  cantioasly,  afterwards,  with  the  cover  on  more 
strongly — liere  it  is  advisahle  to  place  the  lamp  so  that  the  flame 
may  play  obliquely  on  the  cover  from  above — until  the  excess  of 
julphuric  acid  is  completely  expelled ;  lastly,  ignite  gently  over 
the  lamp  for  some  time;  allow  to  cool,  and  weigK  Shonld  no 
fnmes  of  hydrated  sulphuric  acid  escape  upon  the  application  of  a 
itrongisb  heat,  thia  may  be  looked  upon  as  a  sure  sign  that  the 
mlphuric  acid  has  not  been  added  in  sufficient  quantity,  in  which 
ease,  after  allowing  to  cool,  a  fresh  portion  of  ralphuric  acid  is 
added.  The  method  yields  very  accurate  results.  Care  must  be 
taken  not  to  nse  a  very  large  excess  of  sulphuric  acid.  The  red- 
due  must  be  exposed  to  a  moderate  red  heat  only,  and  weighed 
rapidly.     For  the  properties  of  the  residue,  see  §  74. 

2.  Det^rmiTiMion  as  Magneniifm  Pyrophosphate. 

The  solution  of  the  magnesiimi  salt  is  mixed,  in  a  beaker,  with 
ammonium  chloride,  and  ammonia  added  in  slight  excess.  *  Should 
a  precipitate  form  upon  the  addition  of  ammonia,  this  may  be  con- 
sidered a  sign  that  a  sufficient  amount  of  ammonium  chloride  has 
not  been  used ;  a  fresh  amount  of  that  salt  must  consequently  he 
added,  sufficient  to  effect  the  re-solution  of  the  precipitate  formed. 
The  clear  fluid  is  then  mixed  with  a  solution  of  sodium  phosphate 
or  sodium  ammonium  phosphate*  in  excess,  and  the  mixture  stirred, 
taking  eai-e  to  avoid  touching  the  sides  of  the  beaker  with  the  stir- 
ring-rod ;  other\vise  particles  of  the  precipitate  are  apt  to  adhere 
so  firmly  to  the  rubbed  parts  of  the  beaker,  tliat  it  will  be  found 
ilifficult  to  remove  them  ;  the  beaker  is  then  covered,  and  allowed 
to  stand  at  rest  for  twelve  hours,  without  warming ;  after  that  time 
tlie  fluid  is  filtered,  and  the  precipitate  collected  on  the  filter,  tlie 
last  particles  of  it  being  rinsed  out  of  the  glass  with  a  portion  of 
the  filtrate,  with  the  aid  of  a  feather;  when  the  fluid  has  completely 
passed  through,  ttie  precipitate  is  washed  with  a  mixture  of  3  part^ 
of  water,  and  1  part  of  solution  of  ammonia  of  0'9f)  sp,  gr.,  the 

*  According:  to  Mokr  (NaNH.H)PO.  it  preferable  to  (Na,H)PO,  as  a  pre 
cipitaDt.    (See  Zeitacbr.  f.  Anal.  Cbem.  12,  84.) 
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operatioQ  being  continned  nntil  a  few  drops  of  the  fluid  passing 
through  the  tilt«r  mixed  with  nitric  acid  and  a  drop  of  silver  nitrate 
show  only  a  very  slight  opalescence. 

The  precipitate  is  now  thoroughly  dried,  and  then  transferred 
to  a  platinnra  cmcible  (§  53) ;  ths  latter,  with  the  ltd  on,  is  exposed 
for  some  time  to  a  very  gentle  heat,  whicli  is  finally  increased  to 
intense  redneas.  The  filter,  as  clean  as  pmcticable,  is  incinerated 
in  a  spiral  of  platinum  wire,  and  the  ash  transferred  to  the  cru- 
cible, which  is  then  once  more  exposed  to  a  red  heat,  allowed  to 
cool,  and  weighed.  If  the  magnesium  pyrophosphate  is  dark 
colored,  moisten  with  a  few  drops  of  nitric  acid,  warm  till  dry, 
and  ignite  again. 

For  the  properties  of  the  precipitate  and  residue,  see  §  74. 

This  method,  if  properly  executed,  yields  most  accurate  results. 
The  precipitate  must  be  washed  completely,  bnt  not  over-waehed, 
and  the  washing  water  mnst  always  contain  the  requisite  quantity 
of  ammonia. 

Direct  experiments,  No.  73,  a  and  h,  gave  respectively  100"4S 
and  100-30  instead  of  100. 

3.  Determination  at  Magnesmm  Oxide. 

a.  In  Magnesium  Salts  of  Organic  or  Volatile  Inorganic 
Acids. 

The  magnesinm  salt  is  gently  heated  in  a  covered  platinnm 
crucible,  increasing  the  temperature  gradually,  until  no  more  fumes 
escape ;  the  lid  is  then  removed,  and  the  crucible  placed  in  an 
oblique  position,  with  the  lid  leaning  against  it.  A  red  heat  is 
now  applied,  until  the  residue  is  perfectly  white.  For  the  prop 
erties  of  the  residue,  see  §  74.  The  method  gives  the  more  accu- 
rate results  the  more  slowly  the  salt  is  heated  from  the  beginning. 
Some  loss  of  substance  is  usually  sustained,  owing  to  traces  of  the 
salt  being  carried  off  with  the  empyrenmatie  products.  Mag- 
nesium salts  of  readily  volatile  oxygen  acids  (carbonic  acid,  nitric 
acid),  may  be  transformed  into  magDesium  oxide  in  a  similar  way,  by 
BJmple  ignition.  Even  magnesinm  sulphate  loses  the  whole  of  its 
snlphnric  acid  when  exposed,  in  a  platinum  crucible,  to  the  heat 
of  the  gas  blowpipe-fiamc  (Sonnensohein).  As  regards  small  quan- 
tities of  m^nesium  sulphate,  I  can  fully  confirm  this  statement. 

b.  Conversion  of  Magnesium  Chloride  into  Magnesium,  Oxide. 
See  §  153,  4,  y 
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THIRD  OROUP  OF  BASIC  RADICALS. 

ALnxlNIC  M — C  H  B  O  M  I  C  M — (  TITASIDm). 

§  105. 

1.  Aluminium. 

a.  Solviion. 

Alnmimiim  compoands  wMch  are  ioeolnble  in  water,  diaeoke, 
for  the  meet  part,  in  hydrochloric  acid.  Native  cryBtallized  alu- 
minium  oxide  (sapphire,  mby,  conindnm,  Ac),  and  many  native 
alumininm  compounds,  and  also  artificially  produced  alumimmn 
oxide  after  intense  ignition,  require  fusing  with  sodium  carbonate, 
caustic  potassa,  or  barium  hydroxide,  ae  a  preliminary  step  to  their 
solution  in  hydrochloric  acid.  Many  aluminium  compounds  which 
resiBt  the  action  of  concentrated  hydrochloric  acid,  may  be  decom- 
posed by  protracted  heating  with  moderately  concentrated  sul- 
phuric acid,  or  by  fusion  with  potasaum  disnlphate ;  e.g.,  commoa 
clay. 

h.  Determination. 

Aluminium  is  invariably  weighed  as  alwminiv/m  oande  (§  75). 
The  several  aluminium  salts  are  converted  into  aluminium  oxide, 
either  by  precipitation  as  aluminium  hydroxide,  and  subsequent 
ignition,  or  by  simple  ignition.  Precipitation  as  basic  acetate  or 
basic  formate  is  resorted  to  only  in  cases  of  separation. 

We  may  convert  into 

ALuuratUM  oxmE. 

a.  £j/  Precipitation.  h.  By  Heating  or  IgniHcn. 

All  aluminium  salts  soluble  a.   All   aluminium   salts  of 

in  water,  and  those  which,  insola-  readily    volatile    oxygen    acids 

ble  in  that  menstruum,  dissolve  ie.g.,  aluminium  nitrate). 

in  hydrochloric  acid,  with  sepa-  yS.    All  aluminium  salts  of 

ration  of  their  acid.  organic  acids. 

With  regard  to  the  method  a,  it  must  be  remembered  that  the 
solution  must  contain  no  organic  substances,  which  would  inte^ 
fere  with  the  precipitation — e.g.,  tartaric  acid,  sugar,  &c.  Should 
such  be  present,  the  solution  must  be  mixed  with  sodiam  carbo- 
nate and  potassium  nitrate,  evaporated  to  dryness  in  a  platinum 
dish,  the  rwidue  fused,  then  softened  with  water,  transferred  to  » 
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l>eakei',  digested  with  hydrochloric  acid,  and  the  solution  filtered, 
and  then,  bat  not  before,  precipitated. 

The  methods  b,  a  and  y3,  are  applicable  only  in  cases  where  no 
other  fixed  Bubstances  are  present.  The  loetliods  of  determining 
alumininm  in  ite  combinations  with  phosphoric,  boracic,  silicic,  and 
chromic  acids,  will  be  found  in  Part  II.  of  this  Section,  under  the 
heads  of  these  several  acids. 

Determination  as  Aluminium  Oxide, 

a.  By  Precipitation. 

Mix  the  moderately  dilute  hot  solntion  of  the  aluminium  salt, 
in  a  bealcer  or  dish,  with  a  tolerable  quantity  of  ammonium  chlo- 
ride, if  that  salt  is  not  already  present ;  add  ammonia  alightly  in 
excess,  boil  gently  till  the  fiuid  gives  a  neutral  or  barely  alkaline 
reaction  (the  fluid  adhering  to  the  test  paper  must  be  washed  back). 
The  fiuid  must  not  be  heated  too  long,  or  it  may  become  acid 
through  decomposition  of  ammonium  chloride,  and  some  of  the 
precipitate  may  redissolve ;  allow  to  settle ;  then  decant  the  clear 
Bupematant  fluid  on  to  a  fllter,  taking  care  not  to  disturb  the  pre- 
cipitate ;  pour  boiling  water  on  the  latter  in  the  beaker,  stir,  let 
the  precipitate  subside,  decant  again,  and  repeat  this  operation  of 
washing  by  dccantation  a  second  and  a  third  time;  transfer  the 
precipitate  now  to  the  filter,  finish  the  washing  with  boiUng  water, 
dry  thoroughly,  ignite  (§  52),  and  weigh.  The  heat  applied  should 
be  very  gentle  at  first,  and  the  crucible  kept  well  covered,  to  guard 
against  the  risk  of  loss  of  substance  from  spirting,  which  is  always 
to  be  apprehended  if  the  precipitate  is  not  thoroughly  dry ;  towards 
the  end  of  the  process  the  heat  should  be  raised  to  intense  redness. 
In  the  case  of  aluminium  gvlpliate  the  foregoing  process  is  apt  to 
leave  some  sulphnric  acid  in  the  precipitate,  which,  of  course, 
vitiates  the  result.  To  insure  the  removal  of  this  sulphuric  acid, 
the  precipitate  should  be  exposed  for  5-10  min.  to  the  heat  of  the 
gas  blowpipe  flame.  If  there  are  difficnlties  in  the  way,  prevent- 
ing this  proceeding,  the  precipitate,  either  simply  washed  or  mod- 
erately ignited,  must  l>e  re-dissolved  in  hydrochloric  acid  (which 
requires  protracted  warming  with  strong  acid),  and  then  precipi- 
tated again  with  ammonia;  or  the  sulphate  must  first  be  converted 
into  nitrate  by  decomposing  it  with  lead  nitrate,  added  in  very 
slight  excess,  the  excess  of  lead  removed  by  means  of  hydrosul- 
phuric  acid,  and  the  fuither  process  conducted  according  to  the 


by  Google 


S43  DGTGBHINATIOIT.  [§  106. 

directions  of  a  or  h.  For  the  properties  of  alnitiiniam  hydroxide 
and  ignited  aluminium  oxide,  see  §  75.  The  method,  if  properlj 
executed,  gives  very  accurate  results.  Bnt  if  a  considerable  excess 
of  ammonia  is  used,  more  particularly  in  the  abeeoce  of  ammo- 
ninm  salts,  and  the  liquid  is  filtered  without  boiling  or  long  stand- 
ing in  a  warm  place  to  remove  the  ammonia,  no  trifling  loss  maj 
be  incurred.  This  loss  is  the  greater,  the  more  dilute  the  solntion, 
and  the  larger  the  excess  of  ammonia.  The  precipitate  cannot 
well  be  sufficiently  washed  on  the  filter  on  account  of  its  gelatinonB 
nature;  on  the  other  hand,  if  it  be  entirely  washed  by  decantation, 
a  very  large  quantity  of  wash-water  must  be  used,  hence  it  is  advis- 
able to  combine  the  two  methods,  as  directed.*  In  case  the  Bunbek 
filtering  apparatus  is  used  for  washing  aluminium  hydroxide,  for 
which  operation  it  is  particularly  desirable,  the  precipitate  may  be 
brought  into  the  filter  without  washing  by  decantation,  and  may 
be  ignited  without  previous  drying.     See  §  53,  h. 

h.  By  Ignition. 

a.  .Aluminium  Salta  of  VdaiUe  Oxygen  Aoidg. 

Ignite  the  salt  (or  the  residue  of  the  evaporated  solution)  in  a 
platinum  crucible,  gently  at  first,  then  gradually  to  the  very  high- 
est degree  of  intensity,  nntil  the  weight  remains  constant.  For 
the  properties  of  the  residue,  see  §  75.  Its  purity  most  be  care- 
fully tested.     There  are  no  sources  of  error. 

y3.  Aluminium  Salts  of  Organic  Acids, 

The  same  metliod  as  described  §  104,  3,  a  (Magnesium). 

§106. 

,  2.  CHBOMnni. 

a.  SoltUion. 

Many  chromic  salts  are  soluble  in  water.  Chromic  hydroxide, 
and  most  of  the  salts  insoluble  in  water,  dissolve  in  hydrochloric 
acid.  Ignition  renders  chromic  oxide  and  many  chromium  salts 
insoluble  in  acids ;  this  insoluble  modification  must  be  prepared  for 

*  [When  a  Holution  of  aluminium  hydroxide  in  polassium  or  sodium  hjdrox- 
tde  is  boiled  wttb  excess  of  amraoaium  chloride,  the  oluminiuni  separates  com- 
pletely as  a  hydrated  oxide  with  two  mol.  of  water,  which  may  be  washed  with 
comparative  ease.  la  certain  cases,  as  where  aluminium  is  separated  from  ferric 
iron  by  boiling  their  hydroxides  with  sixia,  this  fact  may  be  talien  advantage  ot 
LOwB,  Fres.  Zeitschrift,  IV.  83S.] 
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Ktlntion  in  hydrochloric  add,  hj  fu^ng  with  3  or  4  parts  of  potassa. 
Id  the  process  of  f  oeiog  a  small  qnantity  of  potaeeinm  chromate  is 
formed  hy  the  action  of  air;  this,  however,  can  be  decomposed  by 
beating  with  hydrochloric  acid  with  formatioD  of  chromic  chloride. 
Addition  of  fjcobol  greatly  promotes  the  reduction  to  cliromic 
chloride.  Instead  of  this  fusing  with  potassa,  we  frequently  prefer 
to  adopt  a  treatment,  whereby  the  chrominm  is  at  once  oxidized 
iind  converted  into  an  alkali  chromate  (see  2).  For  the  solution  of 
[^hromic  iron,  see  §  160. 

A.  Determination. 

Chromiam  is  always,  when  directly  determined,  weighed  at 
jAromie  oadde.  It  is  brought  into  this  form  either  by  precipitation 
u  hydroxide  and  ignition,  or  by  simple  ignition.  It  may,  how- 
iver,  also  be  estimated,  by  conversion  into  chromic  acid,  and  deter- 
nination  as  such. 

We  may  convert  into 

1.  Chbokio  Oxide. 
a.  By  Precipitaium. 
All  chromic  salts  soluble  in 


h.  3y  Ignition. 
.  All  chromic  salts  of  vola- 


irater,  and  also  those  which,  in-    tile  oxygen  acids,  provided  no 

ioluble  in  that  menstmnm,  dis-    non-volatile  sabstances  be  pres- 

olve  in  hydrochloric  acid,  with    ent 

eparation  of  their  acid.    Fro-  ^.  Chromic  salts  of  orguiio 

rided  always  that  no   organic    acids. 

nbstances  (such  as  tartaric  acid, 

ixalic  acid,  &c.)  which  interfere 

vith  the  precipitation  be  present. 

2.  Chromic  acid,  or,  more  correctly  speaking,  alkau  ohbomate. 

Chromic  oxide  and  all  chromic  salts. 

The  methods  of  analyzing  chromic  phosphates,  borates,  silicates, 
nd  chromic  chromate,  will  be  found  in  Part  II.  of  this  Section, 
inder  the  heads  of  the  several  acids  of  these  compounds. 
1.  Determination  as  Chromic  Oxide. 

a.  By  Precipitation. 

The  solution,  which  must  not  be  too  highly  concentrated,  is 
leated  to  100°  in  a  platinum  or  porcelain  dish.  If  the  precipitar 
ion  is  effected  in  a  glass  vessel,  considerable  error  is  caused  by 
ontaminatioa  of  the  precipitate  with  silica.     If  porcelain  is  used. 
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thiB  error  ie  aligbt.  Ammonia  is  tlien  added  slightly  in  escees,  u 
the  niixture  exposed  to  a  temperature  approaching  boiling,  nci 
the  fluid  over  the  precipitate  is  perfectly  colorless,  presenting  i 
longer  the  least  shade  of  red ;  let  the  solid  particles  sabside,  wai 
three  times  by  decantation,  and  lastly  on  the  Alter,  with  hot  vaU 
dry  thoroughly,  and  ignite  (§  52),  The  heat  in  the  latter  prow 
mast  be  inci-eased  gradually,  and  the  crucible  kept  covered,  otht 
wise  some  loss  of  substance  is  likely  to  arise  from  spirting  np 
the  incandescence  of  the  chromic  oxide  which  marks  the  pasBiDg 
tlie  soluble  into  the  insoluble  modification.  For  the  properties 
the  precipitate  and  residue,  see  §  76.  This  method,  if  proper 
executed,  gives  accurate  results. 
J.  Sy  Ignition. 

a.  Chromic  aaUs  of  Volatile  Oxygen  Adda. 

The  same  method  as  described,  §  105,  b,  «  (Aluminium). 

b.  Chrwnic  salts  of  Organic  Acids. 

The  same  method  as  described,  §  104,  3,  a  (Magnesium). 

2.  CoNVEKSioN  or  Chromidh  in  Chkomic  Compodn 
nrro  Alkau  Cubomate. 
(For  the  estimation  of  chromic  acid,  see  g  130.) 
The  following  methods  have  been  proposed  with  this  view:- 
a.  The  solution  of  the  chromic  salt  is  mixed  with  solution 
potassa  or  soda  in  excess,  until  the  chromic  hydroxide,  which  fon 
at  first,  is  redissolved.    Chlorine  gas  is  then  conducted  into  t 
cold  fluid  until  it  acquires  a  yellowish-red  tint ;  it  is  then  mii 
with  potassa  or  soda  in  excess,  and  the  mixture  evaporated  to  A\ 
ness;  the  residue  is  ignited  in  a  platinum  crucible.     The  whole 
the  potassium  (or  eodtutn)  chlorate  formed  is  decomposed  by  tl 
process,  and  the  residue  consists,  therefore,  now  of  an  alkali  ch 
mate  and  potassium  (or  sodium)  chloride. — (Vobl.) 

h.  Potassium  hydroxide  is  heated  in  a  silver  crucible  to  ca 
fusion ;  the  heat  is  then  Bomewhat  moderated,  and  the  perfec 
dry  chromic  compound  projected  into  the  crucible.  When  1 
substance  is  thoroughly  moistened  with  the  potassa,  small  lumps 
fnsed  potassium  chlorate  are  added.  A  lively  efEerve«cence  ensu 
from  the  escape  of  oxygen ;  at  the  same  time  the  mass  acquirei 
more  and  more  yellow  color,  and  finally  becomes  clear  and  tra 
parent.     Loss  of  substance  must  be  carefully  guarded  against  ( 
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c.  Dispolve  chromic  hydroxide  in  sohition  of  potaesa  or  soda, 
p.dd  lead  dioxide  in  finfficient  excess,  and  warm  The  yellow  fluid 
prodiiced  contains  all  the  chrontiam  as  lead  chromate  in  alkaline 
polution.  Filter  from  theesceES  of  lead  dioxide,  add  to  the  filtrate 
noetic  a«id  to  acid  reaction,  and  determine  the  weight  of  tlie  pre- 
cipitated lead  chromate  (G.  Ciiancel*). 

('/.  Render  the  sohition  of  chromic  salt  nearly  rientral  by  a 
solution  of  sodium  carbonate,  add  sodium  acetate  in  excess,  heat 
and  add  chlorine  water,  or  pass  in  chlorine  gas,  keeping  the  solu- 
tion nearly  neutral  by  occasional  addition  of  sodium  carlwnate. 
Tlie  oxidation  proceeds  readily.  Boil  off  excess  of  chlorine,  wlicn 
the  chromic  aci')  may  be  precipitated  as  lead  chromate  or  barium 
diromate  (W.  GibbbI)-] 

§107. 

Supplement  to  the  Third  Group. 

TrrAMiuM, 

Titanium  is  always  weighed  as  titanic  oxide  (TiO,),  i.e.,  the 
oxide  or  anhydride  corresponding  to  titanic  acid  (Ti(OH),). 
Titanic  acid  is  precipitated  with  an  alkali  or  by  boiling  its  dilute 
acid  solution.  In  prt^cipUaHng acidi  solutions  of  titanic  acid  ammo- 
nia is  employed;  take  earo  to  add  the  precipitating  agent  only 
in  slight  excess,  let  the  precipitate  foiTned,  which  resembles  alu- 
minium hydroxide,  deposit,  wash,  first  by  dccantation,  then  com- 
pletely on  the  filter,  dry,  and  ignite  (§  52).  If  the  solution  con- 
tained enlphnric  acid,  put  some  ammonium  carbonate  into  the 
crucible,  after  the  first  ignition,  to  secure  the  removal  of  every 
remaining  trace  of  that  acid.  Lose  no  time  in  weighing  the  ignited 
titanic  oxide,  as  it  is  slightly  hygroscopic.  Occasionally  it  is  more 
convenient  to  precipitate  titanic  acid  from  its  acid  solutions  by 
nearly  neutralizing  with  ammonia,  adding  sodium  acetate  and  boil- 
ing. The  precipitate  thus  obtained  is  easily  filtered  and  washed. 
If  we  have  titanic  acid  dissolved  in  sulphuric  acid,  as  for  instance 
occurs  when  we  fuse  it  with  potassium  disulphate  and  treat  tlie 
mass  with  cold  water,  we  may,  by  largely  diluting,  and  long  boil- 
ing, with  renewal  of  the  evaporating  water,  fully  pi'ecipitate  the 
titanic  acid.     If  much  free  acid  is  present  it  must  be  nearly  neu- 


•  Comp.  reod,  48,  927.  \  {km.  Jouni.  8ci.  2  3er.  89,  5&1 
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tralized  with  ammonia  before  boiling.  In  tlie  process  of  igniting 
the  dried  precipitate,  some  ammonium  carbonate  is  added.  From 
dilnte  hjdrocliloric  acid  aolntiom  of  titanic  acid,  the  latter  ecpu- 
ratcH  completely  only  upon  evaporating  the  Aiiid  to  dryness;  aiul 
if  tlie  precipitate  in  that  case  were  washed  with  pnre  water,  tiic 
liltrato  would  be  milky;  add  must,  therefore,  be  added  to  the 
water. 

Titanic  acid  precipitated  in  the  cold,  washed  with  cold  water, 
and  dried  without  elevation  of  temperature,,  is  completely  soluble 
in  hydrochloric  acid ;  otherwise  it  dissolves  only  incompletely  in 
that  acid.  The  mei^iiianic  acid  thrown  down  from  dilnte  acid 
Bolntions  by  boiling,  is  not  soluble  in  dilnte  acids.  Titanic  oxide 
resulting  from  ignition  of  titanic  or  metatitanic  acid  does  not  di& 
solve  even  in  concentrated  hydrochloric  acid,  but  it  does  diseolve 
by  long  heating  with  tolerably  concentrated  enlphnric  acid.  The 
easiest  way  of  effecting  its  solution  is  to  fuse  it  for  some  time  with 
potassium  diBulphate,  and  treat  the  fused  mass  with  a  large  quan- 
tity of  cold  water.  Upon  fusing  with  sodium  carbonate,  sodium 
titanate  is  formed,  which,  when  treated  with  water,  leaves  acid 
sodium  titanate,  which  is  soluble  in  hydrochloric  acid.  Titanic 
oxide  (TiO,)  consists  of  60-98  per  cent,  of  titanium,  and  39-02  per 
cent,  of  oxygen.  By  fusing  titanic  oxide  with  three  times  it  quan- 
tity of  potassium  hydrogen  fluoride,  potassium  titanium  fluoride  is 
formed,  which  readily  dissolves  in  very  dilute  hydrochloric  acid 
(of  sp.  gr.  1-015)  in  the  heat.  On  fusing  a  very  tow  heat  must  be 
applied  at  first,  till  the  excess  of  hydrofluoric  acid  has  escaped,  then 
tlie  heat  is  quickly  raised  till  the  mass  melts  and  the  titanic  oxide 
is  just  dissolved  (Makigkac*).  On  beating  with  hydrofluoric  and 
sulpliaric  acids  practically  no  titanium  fluoride  escapes,  but  by 
heating  with  hydrofluoric  acid  some  loss  does  occur  (HiLSyf). 

•  ZeiUchr.  f.  uiaL  Chem.  7,  112.  i  lb.  2,11. 
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FOURTH  QBOtrp  OF  BASIC  BADICALB. 


uno — lluioaire8&— nickel — cobalt — ferrouk  iron — fkbeio  iboh 
— (dbanidu  AUD  cbanyl). 

§108. 

1.  Zdic. 

a.  Solution. 

Many  of  the  zinc  salts  are  soluble  id  water.  Metallic  zinc,  zino 
oxide,  and  the  ealts,  vhicli  are  insoluble  in  wat«r,  dissolve  in  hydro- 
chloric acid. 

b.  Determination. 

Zinc  is  weig^hed  either  as  oteide  or  as  sulphide  (§  77).  The 
conversion  of  zinc  salts  into  the  oxide  is  effected  either  by  precipi- 
tation as  basic  zinc  carbonate  or  sulphide,  or  by  direct  ignition. 
Besides  these  gravimetric  methods,  several  volumetric  methods  are 
in  nse. 

We  m^.  convert  into 

1.  Zrac  OxmK. 
a.  By  Precipitation  as  Zinc  h.  By  Preoipitatian  at  Zine 


Canrbonate. 

All  zinc  salts  which  are  solu-  All  compounds  of  sine  with- 

ble  in  water,  and  all  zinc  salts  of  ont  exception, 
organic  volatile  acids;  also  those 
salts  of  zinc  which,  insoluble  in 
water,  dissolve  in  hydrochloric 
acid,  with  separation  of  their 
acid. 

e.  By  direct  IgnUwn. 

Zinc  salts  of  volatile  inorganic  oxygen  adds 

2.  Zmo  SoLpHros. 

All  componndfi  of  zinc  without  exception. 

The  method  1,  c,  is  to  be  recommended  only,  as  r^ards  the 
more  frequently  occurring  compounds  of  zinc,  for  the  carbonate 
and  the  nitrate.  The  methods  1,  \  or  3,  are  osually  only  resorted 
to  in  cases  where  1,  a,  is  inadmissible.  They  serve  more  especially 
to  separate  zinc  from  other  basic  radicals.    Zinc  salts  of  organio 
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acids  cannot  be  conrerted  into  the  oxide  by  ignition,  since  ttua 
process  woold  caaee  the  rednction  and  volatilization  of  a  small  por^ 
tion  of  the  metal.  If  the  acids  are  volatile,  the  zinc  may  be  deter- 
mined at  once,  according  to  method  1,  a:  if,  on  the  contrary,  tlie 
acids  are  non- volatile,  the  zinc  is  best  precipitated  as  sulphide.  For 
the  analysis  of  zinc  clii'omate,  phosphate,  borate,  and  silicate,  look 
to  the  several  acids.  The  volumetric  methods  are  chiefiy  employed 
for  technical  purposes;  see  Special  Part. 

1.  Determination  as  Ztw;  Oi^ide. 

a.  By  Precipitation  as  Zinc  Carbonate. 

Heat  the  moderately  dilute  solntion  nearly  to  boiling  in  acoyo- 
eious  vessel, — a  glass  vessel  is  poorly  adapted  for  this  purpose, 
porcelain  is  better,  and  platinum  best ; — add,  drop  by  drop,  sodimn 
carbonate  till  the  fluid  shows  a  strong  alkaline  reaction ;  boil  a  fe«' 
minutes;  allow  to  subside,  decant  through  a  Alter,  and  boil  the 
precipitate  three  times  with  water,  decanting  each  time;  then 
transfer  the  precipitate  to  the  filter,  wash  completely  with  hot 
water,  dry,  and  ignite  as  directed  §  53,  taking  care  to  have  the  filtei 
as  clean  aa  practicable,  before  proceeding  to  incinerate  it.  Should 
the  solution  contain  ammonium  salts,  the  ebullition  must  be  coik 
tinned  until,  upon  a  fresh  addition  of  sodium  carbonate,  the  eecap 
ing  vapor  no  longer  imparts  a  brown  tint  to  turmeric  paper.  II 
the  quantity  of  ammonium  salts  present  is  considerable,  the  fluid 
most  be  evaporated  boiling  to  dryness.  It  is,  therefore,  in  Bnck 
cases  more  convenient  to  precipitate  the  zinc  as  sulphide  (see  V). 

The  presence  of  a  great  excess  of  acid  in  the  solution  of  zin( 
must  be  as  much  as  possible  guarded  against,  that  the  effervescence 
from  the  escaping  carbonic  acid  gas  may  not  be  too  impetuous.  Tht 
filtrate  must  always  be  tested  with  arnnioniura  sulphide  (with  addi 
Ttion  of  ammonium  chloride)  to  ascertain  whether  the  whole  of  tht 
zinc  has  been  precipitated ;  a  slight  precipitate  will  indeed  invariaili, 
form  upon  the  application  of  this  test ;  but,  if  the  process  has  beer 
properly  conducted,  this  is  so  insignificant  that  it  may  be  altogethei 
■disregarded,  being  limited  to  some  exceedingly  slight  and  impon 
derable  .flakes,  which  moreover  make  tlieir  appearance  only  aftei 
many  hours'  standing.  If  the  precipitate  is  more  considerable 
however,  it  .must  be  treated  as  directed  in  h,  and  the  weight  of  thi 
zinc  oxide  obtained  added  to  that  resulting  from  the  first  process 
.For  the  properties  of  the  precipitate  and  residue,  see  §  77.     Tbii 
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method  yields  pretty  accurate  results,  thongh  they  are  in  most 
cases  a  little  too  low,  as  the  precipitation  is  never  absolutely  com- 
plete, and  ae  particles  of  the  precipitate  will  always  and  unavoid- 
ably adhere  to  the  filter,  which  exposes  them  to  the  chance  of 
reduction  and  volatilization  during  the  process  of  ignition.  On 
the  other  hand,  the  reenlts  are  sometimes  too  high ;  this  is  owing 
to  defective  washing,  as  may  be  seen  from  the  alkaline  reaction 
which  the  residae  manifests  in  snch  cases.  It  is  advisable  also  to 
ascertain  whether  the  residue  will  dissolve  in  hydrochloric  acid 
without  leaving  silica;  this  latter  precaution  is  iudispensable  in 
cases  where  the  precipitation  has  been  effected  in  a  glass  vessel. 

[It  is  often  better,  especially  in  presence  of  ammonium  saltfi,  to 
heat  the  dry  zinc  salt  witli  excess  of  sodium  carbonate  in  a  plati- 
nam  dish  cautiously  to  near  redness,  then  treat  with  hot  water  and 
wash  as  directed.] 

h.  By  Precipitation  as  Zmc  Sulphide. 

Mix  the  solution,  contained  in  a  not  too  large  flask  and  suffi- 
ciently diluted,  with  ammonium  chloride,  then  add  ammonia,  till 
the  reaction  is  just  alkaline,  and  then  colorless  or  slightly  yellow 
ammonium  sulphide  in  moderate  excess.  If  the  flask  is  not  now 
quite  full  up  to  the  neck,  make  it  so  with  water,  cork,  allow  to 
stand  12  to  24  hours  in  a  warm  place,  wash  the  precipitate,  if  con- 
dderable,  first  by  decantation,  then  on  the  filter  with  water  con- 
taining ammonium  sulphide  and  also  less  and  less  ammonium  dilo- 
ride  (finally  none).  In  decanting  do  not  pour  the  fluid  through  the 
filter,  but  at  once  into  a  flask.  After  thrice  decanting,  filter  tho 
fluid  that  was  poured  off,  and  then  transfer  the  precipitate  to  the 
filter,  finishing  the  washing  as  directed.  The  funnel  is  kept  cov- 
ered with  a  glass  plate.  If  the  zinc  is  not  to  be  determined  accord- 
ing to  2,  then  put  the  moist  filter  with  the  precipitate  in  a  beaker, 
and  pour  over  it  moderately  dilute  hydrochloric  acid  slightly  in 
excess.  Put  the  glass  now  in  a  warm  place,  until  the  solution 
smells  no  longer  of  hydrogen  sulphide ;  dilute  the  fluid  with  a  little 
water,  filter,  wash  the  original  filter  with  hot  water,  and  proceed 
with  the  solution  of  zinc  chloride  obtained  as  directed  in  a. 

The  following  method  also  effects  a  practically  complete  pre- 
cipitation of  zinc  from  acid  solution.  Add  sodium  carbonate,  at 
last  drop  by  drop  till  a  lasting  precipitate  forms,  dissolve  the  latter 
by  a  drop  of  hydrochloric  acid,  pass  hydrogen  sulphide  till  the 
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recipitate  ceases  to  increase  perceptibly,  add  sodiam  acetate,  and 
gain  paea  the  gas.  After  washing  with  water  containing  hydro- 
en  snlphide  (which  when  the  zinc  snlphide  had  been  thrown 
own  by  hydrogen  stilphide  from  acetic  acid  Bolution,  is  easily 
one),  treat  as  above  directed. 

From  a  Eolution  of  zinc  acetate  the  metal  may  be  precipitated 
umpletely,  or  nearly  so,  with  hydrogen  snlphide  gas,  even  in  pres- 
nce  of  an  excess  of  acetic  acid,  provided  always  no  other  free 
cid  be  present  (Expt.  No.  74).  The  precipitated  zinc  sulphide  is 
rashed  with  water  impregnated  with  hydrogen  sulphide,  and,  for 
lie  rest,  treated  exactly  like  the  zinc  snlphide  obtained  by  precipi- 
»tion  with  ammonium  sulphide. 

Small  quantities  of  zinc  sulphide  may  also  be  converted  directly 
ito  the  oxide,  by  heating  in  an  open  platinum  crucible,  to  gentle 
adness  at  first,  then,  after  some  time,  to  most  intense  redness. 

tf.  By  direct  Ignition. 

The  salt  is  exposed,  in  a  covered  platinnm  crucible,  first  to  a 
entle  heat,  finally  to  a  most  intense  heat,  until  the  weight  of  the 
esidue  remains  constant.  The  action  of  reducing  gases  is  to  be 
voided. 

2.  Determination  as  Zinc  Sulphide. 

The  precipitated  zinc  sulphide,  obtained  as  in  1,  h,  may  be 
^ted  in  hydrogen  and  weighed.  H.  Rose,*  who  has  lately 
ccoramended  the  process,  employs  the  apparatus  represented  by 
ig.  50. 

a  contains  concentrated  sulphnric  acid,  &,  calcium  chloride. 
^he  porcelain  crucible  has  a  perforated  porcelain  or  platinnm 
over,  into  the  opening  of  which  fits  the  porcelain  or  platinum 
iibe,  d.  The  latter  is  provided  with  an  annnlar  projection  which 
ests  on  the  cover,  the  tube  itself  extends  some  distance  into  the 
ruciblo.  When  the  zinc  sulphide  has  dried  in  the  filter,  it  is 
ransferred  to  the  weighed  porcelain  crucible,  the  filter  ashes  added, 
■owdered  sulphur  is  sprinkled  over  the  contents  of  the  crucible, 
he  cover  is  placed  on,  and  hydrogen  is  passed  in  a  moderate 
tream,  a  gentle  heat  is  applied  at  first,  which  is  afterwards  raised 
or  five  minutes  to  intense  redness ;  finally  the  crucible  is  allowed 
0  cool  with  continued  transmission  of  the  gas,  and  the  zinc  sul- 
ihide  is  weighed. 

■  Pogg.  Aoal.  110,  188. 
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[Instead  of  the  porcelain  tube  and  perforated  cover,  a  common 
tobacco-pipe  may  be  employed,  the  bowl  of  the  latter  being  inverted 
over  or  within  a  porcelain  crucible.  Hydrogen  sulphide  may  be 
advantageonsly  enbstitnted  for  hydrogen.] 

Oebtbn'b  experiments,  which  were  adduced  by  Bo6e  in  enpport 
of  the  accuracy  of  this  method,  were  highly  satisfactory. 

^nc  sulphate,  carbonate,  and  oxide  may  be  converted  into  sul- 
phide in  the  manner  just  described.  They  must,  however,  be 
mixed  with  an  excess  of  powdered  snlphnr,  otherwise  you  will  lose 
some  zinc  from  the  reducing  action  of  the  hydrogen  (H.  Boss.) 


Flg.ro. 

The  properties  of  the  bydrated  and  anhydrous  zinc  snlphide  are 
given  §  77 ;  the  results  are  accurate.  Loss  occurs  only  when  the 
ignition  is  performed  over  the.  gas  blowpipe  (which  is  quite  nnnec- 
eesary),  and  oontiuned  longer  than  five  minutes.    Compare  §  77,  c. 

§109. 

3.  Manoanbsk. 

a.  Solution. 

Many  manganouB  salts  are  soluble  in  water.  The  manganous 
Baits  which  are  insoluble  in  that  menstruum,  dissolve  in  hydrochloric 
acid,  which  dissolves  also  all  oxides  of  manganese.    The  solution 
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of  tlie  higher  oxides  ia  attended  with  evolation  of  chlorine— equiva- 
lent to  the  amount  of  ox;gen  which  the  oxide  under  enumnatioD 
contains,  more  than  manganons  oxide  (MnO) — and  the  flnid,  after 
application  of  heat,  is  foimd  to  contain  manganons  chloride. 

b.  Determination. 

Manganeee  is  weighed  eitlier  as  protosesquioxide,  as  svi^Udi, 
or  i&  pyrophospliate  (^  IS).  Into  the  form  of  protoeeflqoioiide  it 
is  converted  either  hy  precipitation  ae  manganons  carbonste,  or 
aa  manganons  hydroxide,  sometimes  preceded  by  precipitstion  ss 
tnanganoos  sulphide,  or  as  manganese  dioxide ;  or,  finally,  by  dired 
ignition.  [When  determined  as  pyrophosphate  it  is  precipitated 
iis  ammonium  manganoue  phosphate.] 

Manganese  may  be  determined  vo  In  metrically  in  two  different 
ways,  one  being  applicable  to  any  manganous  solution,  provided  it 
be  free  from  any  other  substance  which  exerte  a  reducing  action 
on  alkaline  solution  of  potassium  ferricyanide,  the  other  being  only 
admissible,  when  we  have  manganese  in  the  condition  of  ft  perfectlj 
definite  higher  oxide,  and  free  from  other  bodies,  which  evolve 
chlorine  on  boiling  with  hydrochloric  acid. 

We  may  convert  into 

I.  Manganese  PEorosESQnioxroE. 

a.  By  Precipitatwn  as  Man-  b.  By  Precipitation  as  Mon- 
ganoua  Carbonate.  ga/nese  Hydroxids, 

All   soluble   manganous  salts         All  the  compounds  of  ramga- 
of  inorganic  aeida,  and  all  man-     nesc,  with  the  exception  of  il> 
ganous  salts  of  volatile  organic     saltsof  non-volatileoiganicacid^ 
ucids ;  also  those  manganous  salts 
which,  insoluble   in  water,  dis- 
solve in  hydrochloric  acid  with 
separation  of  their  acid. 

c.  By  Precipitation  as  Man- 
gan&ie  Sulphide. 

All  compounds  of  i 
without  exception. 


d.  By  Separation  at  Mang"' 
ne»e  Dioxide. 

AH  compounds  of  inangane« 
in  a  slightly  acid  solution,  espo 
cially  manganoue  acetate  and  m 
trate. 


e.  By  direct  Ignition. 

All  manganese  oxides;  man- 
ganous salts  of  readily  volatile 
acids,  and  organic  acids. 
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The  principal  point  is  to  continue  the  application  of  a  snffidentlj 
intense  heat  long  enongb  to  effect  the  object  in  view.  It  is  neces- 
Bary  also  to  ascertain  whether  the  residae  has  not  an  alkaline  reac- 
tion, and  having  removed  it  from  the  platinum  cmcible,  whether 
it  dissolves  in  hydrochloric  acid  witbont  leaving  silica. 

6.  By  Precipitation,  as  Mangammis  Hydroxide. 

The  eolation  shonld  not  be  too  concentrated,  and  it  is  best  to 
have  it  in  a  platinum  dish.  Precipitate  with  solution  of  pure 
aoda  or  potaesa,  and  proceed  in  all  other  respects  as  in  a. 

If  phosphoric  acid  is  present,  or  boracic  acid,  the  flnid  mnst  be 
kept  boiling  for  some  time  with  an  excose  of  alkali.  For  the  prop- 
erties of  the  precipitate,  see  §  78. 

c  By  Precipitation  as  Manganese  Sulphide. 

The  eolation  contained  in  a  comparatively  smaJl  flask  and  not 
too  dilute  IB  first  mixed  with  ammonium  chloride  (if  an  ammonium 
salt  is  not  already  present  in  sufficient  quantity),  then — if  the  fluid 
is  acid — with  ammonia,  till  it  reacts  neutral  or  very  slightly  aUut 
line ;  now  add  yellow  ammonium  sulphide,  in  moderate  excess,  if 
the  flask  is  not  already  quite  full  up  to  the  neck,  add  water  till 
it  is,  cork,  stand  it  in  a  warm  place  for  at  least  twenty-four  hours, 
wash  the  precipitate  if  at  all  considerable,  first  by  decantation,  then 
on  the  filter,  using  water  containing  ammonrnm  salphide,  and  also 
gradually-diminished  quantities  of  ammonium  chloride  (finally 
none).  In  decanting,  poor  the  fiuid  in  a  flask,  not  on  the  filter. 
After  decanting  three  times,  filter  the  fluids  that  have  been  poured 
off,  transfer  the  precipitate  to  the  filter,  and  finish  the  washing  as 
altove  directed,  without  interruption.  Keep  the  funnel  covered 
with  a  glass  plate.  If  you  do  not  prefer  to  determine  according  to 
2,  proceed  as  follows : — Put  the  moist  filter  with  the  precipitate 
into  a  beaker,  add  hydrochloric  acid,  and  warm  until  the  mixture 
smells  no  longer  of  hydrogen  sulphide ;  filter,  wash  the  residuary 
paper  carefully,  and  precipitate  the  filtrate  as  directed  in  a.  The 
resiiltfi  are  satisfactory,  compare  §  78,  e. 

Taitaric  acid  retards  the  precipitation,  but  does  not  render  it 
less  complete ;  citric  acid  prevents  precipitation,  or  at  least  makes 
it  Incomplete. 

d.  By  Separatism  as  Manganese  Dioxide. 

Heat  the  solution  of  mang-jnous  acetate  or  some  other  manga 
nous  salt  containing  but  little  free  acid,  after  addition  of  a  sufficient 
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quantity  of  sodiam  acetate,  to  from  50°  to  60",  and  transmit  chlo- 
rine gas  throngh  the  flnid,  or  add  bromine  (Kauhekek,*  WAAGaf). 
The  whole  of  the  manganese  present  falle  down  as  dioxide  (Schibl, 
RivoT,  Bkudant,  and  Dagoin).  Wash,  first  by  decantation,  then 
upon  the  filter ;  dry,  transfer  the  precipitate  to  a  flask,  add  the  filter 
aah,  heat  with  hydrochloric  acid,  filter,  and  precipitate  as  directed 
In  a.  If  the  sodiam  acetate  is  deficient,  and  especially  if  hydro* 
chloric  acid  is  present,  it  may  happen  that  the  precipitation  of  the 
manganese  by  chlorine  or  bromine  ia  not  quite  complete;  it  is 
tlierefore  well,  after  filtering  ofE  the  dioxide,  to  treat  tlie  filtrate 
with  more  soditim  acetate,  and  ag^n  pass  chlorine  or  add  bromine. 
The  separation  of  manganese  as  dioxide,  by  evaporating  its  solution 
in  nitric  acid  to  dryness,  and  heating  the  residue,  finally  to  155°,  is 
given  in  Section  V. 

e.  By  direct  IgnUion. 

The  manganese  compound  under  examination  is  introduced 
into  a  platinum  firucible,  which  is  kept  closely  covered  at  first,  and 
exposed  to  a  gentle  heat ;  after  a  time  the  lid  is  taken  off,  and 
replaced  loosely  on  the  crucible,  and  the  heat  is  increased  to  the 
highest  degree  of  intensity,  with  careful  exclusion  of  reducing 
gases ;  the  process  is  continued  until  the  weight  of  the  residue 
remains  constant.  The  conversion  of  the  higher  oxides  of  manga- 
nese into  protosesqnioxide  of  manganese  requires  more  protracted 
and  intense  heating  than  the  conversion  of  manganons  oxide.  In 
fact,  it  can  hardly  be  effected  without  the  use  of  a  gas  blowpipe. 
In  the  case  of  manganoi^  salts  of  organic  acids,  care  must  always 
be  taken  to  aseertaio  whetlier  the  whole  of  the  carbon  has  been 
consumed ;  and  should  the  contrary  turn  oat  to  be  the  case  the 
residue  must  either  he  dissolved  in  hydrochloric  acid,  and  the  solu- 
tion precipitated  as  directed  in  a,  or  3,  or  it  must  be  repeatedly 
evaporated  with  nitric  acid,  until  the  whole  of  the  carbon  is 
oxidized.  The  method,  if  properly  executed,  pves  accurate  results. 
On  the  other  hand,  if  the  directions  are  not  carefully  attended  to, 
one  must  not  be  surprised  at  conBiderabie  differences.  In  the  igni- 
tion of  manganons  salts  of  organic  acids,  minute  particles  of  the 
salt  are  generally  carried  away  with  the  empyreumatic  products 
evolved  in  the  process,  whieli,  of  course,  tends  to  reduce  the  weight 
a  little. 

■  Ber.  der  deutich.  Cbem.  aesellscli.  4.  218. 
t  Zeitacbr.  I.  anal  Chem  10.  206. 
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2.  Determination  as  Manffanous  Sulphide. 

Tlie  sulphide  precipitated  as  id  1,  c,  may  be  determined  in  tliis 
form,  as  follows  :  Dry,  transfer  tlie  precipitate  to  a  crucible,  bum 
tlie  filter,  add  the  ashes,  strew  some  sulphur  on  the  top,  ignite 
strongly  in  hydrogen  (till  it  becomes  black)  and  weigh  as  anhy- 
drous mangaiious  sulphide  (H.  Rose*),  compare  the  analogotu 
process  for  zinc,  §  108,  2. 

The  results  obtained  by  Okbten,  and  cited  by  !Robb,  are  per- 
fectly satisfactory. 

Thb  method  is  shorter  and  more  conTenient  than  dissolring 
the  moist  sulphide  in  hydrochloric  acid,  and  precipitating  with 
sodium  cai'bonate. 

Manganous  sulphate  and  all  the  oxides  of  manganese  may  be 
subjected  to  tliis  process  with  the  same  result. 

[3.  Determination  aa  Manganous  Pyrophosphate. 

To  the  solution  of  the  manganous  salt,  which  may  contain 
ammonium  or  alkali  salts,  sodium  phosphate  is  added  in  large 
excess  above  what  is  needful  to  convert  the  manganese  into  phos- 
phate. The  white  precipitate  which  is  formed  unless  considerable 
free  acid  is  already  present  is  then  redissolved  in  sulphuric  or 
chlorbydric  acid,  the  Uquid  is  heated  to  boiling,  best  in  a  platinum 
dish,  and  ammonia  added  In  excess.  The  boiling  is  continued  10 
— 15  minutes,  whereby  the  white,  semi-gelatinous  precipitate  flret 
formed  is  converted  into  rose-colored,  pearly  scales.  If  one  it 
obliged  to  precipitate  in  a  glass  beaker  the  precipitate  may  be  con- 
verted into  the  crystalline  form  more  safely  by  heating  on  the 
water-bath  1  or  2  hours,  as  it  is  likely  to  be  thrown  out  of  th* 
beaker  by  boiling.  The  whole  is  kept  hot  for  an  hour  longer, 
then  filtered  and  washed  with  water  containing  a  little  ammonia 
The  precipitate  of  ammonium  manganous  phosphate  is  dried,  sepa 
rated  from  the  filter,  and  converted  by  ignition  into  pyrophos 
phate.    See  §  78  (Gibbs,1-  HEuBrJ).] 

It  ia  advantageons  to  use  the  Bunsen  filtering  apparatus  fo: 
washing  the  precipitate  on  account  of  its  sliglit  solubility  in  water 
(See  §  78,  g.)  For  the  same  reason  when  great  accuracy  is  requirei 
it  is  recommended  to  evaporate  the  filtrate  to  dryness,  redissoivi 
with  water  and  hydrochloric  acid,  make  alkaline  with  ammonis 

■  Pogg.  AiiaL  110,  133.  f  Am.  Jour.  Bet  2d  Ber.  44,  p.  910. 

I  lb.  47,  p.  180. 
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and  boil  to  precipitate  and  recover  tlie  small  amount  of  manganese 
which  ma;  have  passed  into  the  filtrate. 

4.  Volumetric  determination  by  the  Reduction  of  Ferri- 
cyanide  of  P^aesittm  (E.  Lknssek*). 
The  method  is  grounded  on  the  fact  that  if  a  solution  of  a 
manganons  salt  is  acted  on  by  exceee  of  alkidine  solution  of  potas- 
sium ferricjanide  at  a  boiling  temperature  in  the  presence  of  a 
sufficient  amount  of  a  ferric  salt,  all  the  manganese  is  precipitated 
as  dioxide,  while  a  corresponding  quantity  of  potassinm  ferrocyanide 
is  formed.  By  determining  the  latter,  the  amonut  of  manganese 
present  is  obtained. 

K,Fe,Cy„+2K.O  +  MnS0,=2K.FeCy.  +  K,SO,  +  MnO,. 

Accordingly  1  at.  manganese  ^ves  rise  to  2  mol.  potassium 
ferrocyanide.  Of  course  all  other  reducing  subetances  must  he 
absent,  and  the  manganese  must  be  present  entirely  in  the  form  of 
a  manganous  aalt.  If  the  solution  contains  no  ferric  salt,  the  pre- 
cipitate is  a  combination  of  much  dioxide,  with  little  Tnanganous 
oxide,  not  always  in  the  same  proportions.  In  performing  the 
process,  mix  first  with  the  acid  solution  of  the  manganous  salt  so 
much  ferric  chloride  that  yon  may  be  sure  of  having  at  least  1 
mol.  Fe,CI,  to  1  atom  Mn,  and  add  the  mixture  gradually  to  a 
boiling  solution  of  potassium  ferricyanide,  previously  rendered 
Btrongly  alkaline  with  potassa  or  soda.  After  boiling  together  a 
short  time  the  brownish-black  precipitate  becomes  grannlar  and 
less  bulky.  Allow  to  cool  com/plMely,  filter  off  and  wash  the  pre- 
cipitate, acidify  the  filtrate  with  hydrochloric  acid,  and  estimate 
the  potassium  ferrocyanide  irith  permanganate,  according  to  §  147, 
II.,  g.  a.  If  the  liquid  is  filtered  hot,  the  results  are  too  high,  as 
the  ^Iter  in  this  case  has  a  reducing  action.  Tlie  method  may  be 
shortened,  as  follows :  After  boiling,  transfer  the  solution,  together 
with  the  precipitate,  to  a  measuring  fiask,  allow  to  cool,  fill  up  to 
the  mark  with  water,  shake,  and  allow  to  settle.  Filter  througli  a 
dry  filter,  take  out  a  certain  quantity  with  a  pipette,  and  determine 
the  ferrocyanide  in  this.  A  slight  source  of  error  is  here  intro- 
duced by  disregarding  the  volume  of  the  precipitate.  The  results 
adduced  by  Lensbkit  are  very  satisfactory.  I  have  myself  repeat- 
edly tested  this  method,  and  I  have  to  remark  as  follows :-' — 
•  Journ.  f .  prakt  Clhem.  80,  408. 
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a.  If  potassium  ferricyanide  is  long  boiled  with  pure  potasBa,  i 
sniall  quantity  of  ferrocyuiiide  le  invariably  prodnced. 

b.  The  potassa  miiBt  be  quite  free  from  ot^anic  substances,  anc 
should  therefore,  if  there  is  any  doubt  on  this  point,  be  fuBed  in  i 
silver  disli  before  use,  otlierwise'  the  error  alluded  to  in  a  may  bi 
considerably  increased. 

c.  The  complete  washing  of  the  voluminons  precipitate  i 
attended  with  eo  much  difficulty  and  loss  of  time  as  to  render  thi 
method  more  troublesome  than  a  gravimetric  analysis. 

d.  The  abridged  method,  on  the  other  hand,  may  be  of  grea: 
service  in  certain  cases,  especially  when  a  series  of  manganes) 
determinations  have  to  be  made,  the  manganese  not  beiug  in  tot 
miiuite  quantities,  and  the  highest  degree  of  accuracy  not  bein{ 
required.  In  my  laboratory,  by  employing  a  slight  excess  of  ferrii 
salt,  97-9— 100-12— 98-21— 98-99,  and  100-4  were  obtained,  insteat 
of  100.  The  inaccnracy  increases  on  using  a  lai^  excess  of  tb< 
iron.* 

5.  Volitmetria  determination  by  hoUing  the  higher  oeidA 
unth  hydrochloT^  acid,  aiid  estimating  the  chlorine  evolved 
The  methods  here  employed  will  be  found  all  together  in  thi 
Special  Fart  under  "  Valuation  of  Manganese  Ores." 

§  110. 

3.  Nickel. 

a.  Solution,. 

Many  nickelons  salts  are  soluble  in  water.  Those  which  ar 
insoluble,  as  also  nickelons  oxide,  in  its  common  modification 
dissolve,  without  exception,  in  hydrochloric  acid.  The  peculia 
modification  of  nickelous  oxide,  discovered  by  Gknth,  which  crys 
taltizes  in  octahedra,  does  not  dissolve  in  acids,  but  is  rendero 
soluble  by  fusion  with  potassium  disulphate.  Metallic  nickel  dif 
solves  slowly,  with  evolution  of  hydrogen  gas,  when  warmed  will 
dilute  hydrochloric  or  sulphuric  acid  \  in  nitric  acid,  it  dissolve 
with  great  readiness.  Nickel  sulphide  is  but  sparingly  soluble  ii 
hydrochloric  acid,  but  it  dissolves  readily  in  nitrohydrochloric  acitJ 
Nickelic  oxide  (Ni,0,)  dissolves  in  hydrochloric  acid,  upon  th 
application  of  heat,  to  nickelous  chloride,  vrith  evolution  c 
chlorine. 

'ZoiUclir.  t.  Anal.  Cheiu.  S.  aOB. 
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b. 

Kickel  is  best  weighed  as  metal ;  it  may  be  weighed  also  as 
nickelotis  oxide,  or  ealphate.  The  componods  of  nickel  are  con- 
verted into  nickelons  oxide,  usually  by  precipitation  as  nickeloiif; 
hydroxide,  preceded,  in  eonie  infitanoes,  by  precipitation  as  nickel 
enlphlde,  or  by  ignition. 

We  may  convert  into 

1.    NiOKELOUS    OxTOB. 

a.  By  Precipitation  as  Mick-  J.  By  PredpitaMon  aa  Nidi- 

doua  Hydroxide.  el  Sulphide. 

All  nickel  salts  of  inorganic  Alt    compounds    of    nickel 

acids  which  are  solnble  in  water,  without  exception. 
and  all  its  salts  of  volatile  or- 
ganic acids;  likewise  all  salts  of 
nickel  which,  insoluble  in  water, 
dissolve  in  the  stronger  adds, 
with  separation  of  their  acid. 
e.  By  Ignition. 

Nickel  salte  of  readily  volatile  oxygen  acids,  or  of 
ench  oxygen  acids  as  are  decomposed  at  a  high  tem- 
pera tnre  (carbonic  acid,  nitric  acid). 

3.  Metallio  nickel  :  Nickelons  oxide,  also  nickel  chloride, 
bromide,  and  iodide. 

3,  Nickel  sitlphate;  Nickel  salts,  whose  acids  are  entirely 
expelled  by  heating  and  evaporating  with  snlphnric  acid. 

The  method  1,  e,  is  veiy  good,  bnt  seldom  admissible.  The 
method  1,  a,  is  most  frequently  employed.  In  the  presence  of 
sugar,  or  other  non-volatile  organic  substance,  it  cannot  be  nsed. 
In  this  case  we  most  either  ignite  and  thereby  destroy  tlie  organic 
matter  before  precipitating,  or  we  must  resort  to  the  method  ft, 
which  otherwise  is  hardly  need  except  in  separations.  By  what- 
ever method  nickelous  oxide  is  obtained,  it  is  beet  to  convert  it 
into  metallic  nickel  (by  method  2)  before  weighing.  The  conver- 
sion into  nickel  sulphate  (method  3)  is  qaickly  executed,  but  it 
requires  the  greatest  care  to  obtain  tmstworthy  resnlte.  Nickel 
raits  of  chromic,  phosphoric,  boracic,  and  silicic  acide  are  analyzed 
according  to  the  methods  given  nnder  the  several  acids. 
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1.  Determination  as  Aickelous  Oxide. 

a.  By  Precipitation  as  Nickelmta  Hydroxide. 

Mix  the  solution  with  pure  solution  of  potasea  or  soda  in  escess, 
heat  for  some  time  nearly  to  ebullition,  decant  3  or  4  times,  boiling 
up  each  time,  filter,  wash  the  precipitate  tKoroitghly  with  hot  water, 
<]ry  and  ignite  strongly  (avoiding  reducing  gosee  if  the  oxide  is  to  be 
weighed)  (RtresELL*)  (§  53),  The  precipitation  is  best  effected  in 
a  platinam  dish ;  in  presence  of  nitrohydrochloric  acid,  or,  if  the 
operator  does  not  possess  a  sufficiently  capacious  dish  of  the  metal, 
in  a  porcelain  dish ;  glass  vessels  do  not  answer  the  purpose  bo  well. 
Pi-eseuce  of  ammoniacal  salts,  or  of  free  ammonia,  does  not  inter- 
fere with  the  precipitation.  For  the  properties  of  the  precipitate 
and  residne,  see  §  79.  Instead  of  weighing  the  oxide  it  is  better 
to  reduce  it  to  metal  according  to  §  110,  3.  Thethorongh  washing 
of  the  precipitate  is  a  most  essential  point.  It  is  necessary  also  to 
ascertain  whether  the  weighed  metal  (or  oxide)  has  not  an  alkaline 
reaction,  and  whether  it  dissolves  completely  in  nitric  acid  (or 
hydrochloric  in  case  oxide  is  weighed), 

J.  By  Precipitation  as  Sulphide  of  NicJcel. 

[a.  Add  to  the  solution,  which  should  be  concentrated,  a  large 
quantity  of  ammonium  chloride.  The  precipitation  is  effected 
more  readily  If  enough  ammonium  chlonde  is  present  to  make  the 
aolntion  nearly  saturated  when  cold.  Make  the  solution  neutral 
or  better  shghtly  acid  by  addition  of  ammonia  or  hydrocliloric  acid 
as  the  case  demands.  Heat  to  boiling  in  a  flask  and  add  drop  by 
drop  ammonium  sulphide  (which  should  be  more  or  leas  yellow 
and  contain  no  free  ammonia),  not  fast  enough  to  check  the  boiling. 
Use  the  least  possible  excess  of  ammonium  sulphide.  Ascertain 
wlien  enough  has  been  added  by  stopping  the  boiling  long  enough 
for  the  nickel  sulphide  to  settle,  and  adding  a  drop  to  the  cleai 
surface  of  the  solution.  If  more  is  required,  raise  tlie  heat  tc 
boiling  before  adding  it.  When  further  addition  of  ammonium 
sulphide  produces  no  more  precipitate  boil  a  few  minutes  longer, 
and  add  enough  acetic  acid  to  give  ^  decided  acid  reaction.  Add 
next  a  little  hydrogen  sulphide  solution  and  filter,  washing  with  a 
dilute  solution  of  hydrogen  sulphide.  Test  the  filtrate  by  nentral 
izing  with  ammonia  and  adding  one  or  two  drops  of  ammoninni 
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eulphide.  If  this  cansee  a  blackening  of  the  fluid,  boil  with 
addition  a  slight  excess  of  aoetio  to  separate  tlie  nickel. 

fi.  Prepare  the  Bolation  as  above  described  (1,  h,  a).  Add 
Eodiiiin  or  aiiunoninm  acetate,  if  acetates  are  not  already  present ; 
heat  to  boiling ;  transmit  H,S  gas  throogh  the  boiling  solntion 
about  ten  minntee.  The  precipitated  nickel  sulphide  settles 
readily.  Ascertain  whether  nickel  has  been  completely  separated 
by  adding  a  drop  of  ammonium  sulphide  to  the  clear  surface  of 
the  liquid.  If  no  blackening,  or  only  a  white  cloud  of  sulphur 
appears,  add  a  little  cold  strong  solution  of  hydrogen  sulphide 
in  water,  filter,  wash  the  precipitate  and  test  further  the  filtrate 
for  nickel  as  above  described.  If,  on  the  contrary,  the  drop  of 
ammonium  sulphide  causes  s  black  coloration  (nickel  eulphide)  an 
incomplete  separation  of  nickel  is  indicated,  which  may  bo  due  to 
the  presence  of  too  much  free  acetic  acid.  Add,  therefore,  a  few 
drops  of  anmionia,  leaving  the  solution  however  still  slightly  acid, 
heat  again  to  boiling  and  pass  hydrogen  sulphide,  and  so  proceed 
till  complete  precipitation  is  effected.  It  should  be  borne  in  mind 
that  a  targe  amount  of  free  acetic  prevents  precipitation  of  nickel 
as  sulphide,  while  a  small  amount  do^  not.  The  slight  quantity 
of  acetic  present  throughout  the  operation  prevents  the  formation 
of  ammonium  snlphide  which  is  a  solvent  for  NiS,  and  also  pre- 
vents the  precipitation  of  the  alkali-earth  metals  if  they  are 
present.] 

Diy  the  washed  nickel  sulphide  in  the  funnel,  and  transfer 
from  the  filter  to  a  beaker ;  the  filter  is  incinerated  in  a  porcelain 
crucible  and  added  to  the  dry  precipitate.  The  precipitate  is  now 
treated  with  concentrated  nitrohydrochloric  acid,  and  the  mixtnre 
digested  at  a  gentle  heat,  until  the  wliole  of  the  nickel  sulphide  is 
dissolved,  and  the  undissolved  sulphur  appears  of  a  pure  yellow ; 
the  fluid  is  then  diluted,  filtered,  and  the  filtrate  precipitated  as 
directed  in  1,  a,  and  the  nickel  oxide  thus  obtained  is  reduced  to 
metal  according  to  directions  in  2. 

c.  By  direct  Ignition. 

The  same  method  as  described  g  109, 1,  e.     (Manganese.) 


2.  Determination  (U  metallic  2 

Ignite  the  oxide  or  chloride   to  be  reduced   in   a  porcelain 

crucible  in  a  slow  ptrcnm  of  hydrogen,  at  first  gently,  then  more 

strongly  till  the  weight  is  constant.     For  properties  of  the  residue, 
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we  g  79,  «.     If  OD  diasolriag  the  metal  in  nitric  add  any  eilica 
reinaiufi,  this  moBt  be  weighed  and  deducted. 

3.  Determination  as  Jfickd  Sulphate. 
The  nickel  solntion  should  be  free  from  other  non-Tolatile  salts. 
Evaporate  with  a  slight  excess  of  pure  sulphuric  acid  in  a  platinom 
dish  to  dryness  aud  heat  for  15  or  20  minnteB  moderately,  bo  as 
just  to  drive  off  the  excess  of  salpharic  acid  without  blackemng 
the  yellow  sulphate  at  the  edges.  It  is  difficult  to  be  sure  oi 
hitting  the  exact  point,  hence  we  cannot  place  dependence  on  thie 
method  nor  on  that  of  Gibbs,  which  consiata  in  dissolving  the 
sulphide  in  nitric  acid  and  evaporating  the  solution  with  snlphoric 
acid.    For  the  properties  of  the  residue,  see  §  79,  d. 

§111. 
4.  Cobalt. 

a.  Solution. 

Cobalt  and  its  compounds  behave  with  solvents  like  the  comt 
Bponding  compounds  of  nickel.  The  protosesqaioxide  of  cobali 
obtained  by  Schwakzknbeeo  in  microscopic  octahedra  does  no 
dissolve  in  1)oiling  hydrochloric  acid,  or  nitric  acid,  or  nitrohydro 
chloric  acid ;  but  it  dissolves  in  concentrated  sulphuric  acid,  and  ii 
fusing  potassium  disulphate. 

b.  Detenmnation. 

Cobalt  ie  determined  in  the  metallic  state  or  as  enlphate,  beinj 
usually  first  precipitated  as  cobaltous  hydroxide,  sulphide  or  tripo 
tassium  cobaltic  nitrate.  * 

We  may  convert  into 

1.  Metallic  oobalt: 

a.  By  direct  reduction.  All  salts  of  cobalt,  which  can  b< 
immediately  reduced  by  hydrogen  (chloride,  nitrate,  carbonate 
Ac). 

h.  Br/ precipitation  as  cobdltoue  hydroxide.  All  salts  solubli 
in  water  of  inoi^anic  acids,  and  insoluble  salts  of  such  acids  as  maj 
he  removed  by  solution.     All  salts  of  volatile  organic  acids. 

c.  By  precipitation  as  sulphide.  AU  compounds  of  cobal 
without  exception. 

d.  By  precipitation  as  tripotaseium  cobaltic  nitrite.  AU  com 
pounds  of  cobult  soluble  in  water  or  dilute  acetic  acid. 
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2.  Cobalt  bulpuat£: 

a.  By  simple  evapt/ration  and  it/nition. — TLe  oxygen  com- 
pounds of  cobalt  and  all  cobaltous  salts  of  acids  wliicli  may  Xm 
completely  expelled  by  evaporation  and  ignition  with  Bulpliui'ic 
acid. 

b.  By  pre<^pitation  as  vulphidc. — All  coniponiida  of  cobalt 
without  exception. 

The  method  1,  a,  is  preferable  to  all  othere  when  it  can  !« 
applied;  it  is  quick  and  givee  exact  results.  The  luetliod  1,  i, 
gives  better  reenlts  than  it  used  to  be  credited  with.  The  direct 
conversion  of  suitable  cobalt  componndH  into  sulphate  is  ako  quitu 
satisfactory.  The  precipitations  as  sulphide  and  as  tripotassium 
cobaltic  nitrate  are  rarely  used  except  in  separations. 
1.  Determination,  aa  TnetaUic  Cobalt. 

a.  By  direct  reduction. 

Evaporate  the  solution  of  cobaltous  chloride,  or  nitrate  (whicli 
must  be  free  from  sulphuric  acid  and  alkali),  in  a  weighed  crucible, 
to  dryness,  cover  the  crucible  with  a  lid  liaving  a  small  aperture  in 
the  middle,  conduct  through  tliia  a  moderate  current  of  pure  dry 
hydrogen,  and  then  apply  a  gentle  heat,  which  is  to  bo  increased 
gradually  to  intense  redness.  When  the  reduction  is  considered 
complete,  allow  to  cool  in  the  current  of  hydrogen,  and  weigh ; 
ignite  again  in  the  same  way  and  repeat  the  process  until  the 
weight  remains  constant.  The  results  are  accurate.  For  the 
properties  of  cobalt,  see  §  80. 

As  regards  the  apparatus  to  be  employed,  see  §  108,  2. 

h.  By  preoipitation  as  cobaltous  hydroxide. 

The  best  material  for  the  precipitating  vessel  is  platinum, 
porcelain  may  also  be  used,  but  not  glass.  First  remove  any  large 
excess  of  acid  which  may  be  present  by  evaporation.  Heat  nearly 
to  boiling,  add  pure  potash  in  slight  excess,  and  continue  heating 
till  the  precipitate  is  brownish-black.  Pour  the  supernatant  fluid 
through  a  filter,  wash  the  precipitate  by  dccantation  with  boiling 
water  repeatedly,  transfer  it  to  the  filter,  and  continue  the  washing 
with  boiling  water  till  the  washings  are  free  from  any  trace  of 
dissolved  substance.  Diy,  ignite  in  a  porcelain  crucible  (§  52)  till 
the  filter  is  thoroughly  burnt,  reduce  in  a  current  of  hydrogen, 
wash  the  metal  several  times  with  boiling  water,  dry,  ignite  again 
in  hydrogen  and  weigh.     Test  the  weighed  cobalt  by  disaolving  in 
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nitric  acid.  If  any  eilioi  remains,  this  mitBt  be  weighed  and 
deducted.  Mix  the  solution  with  ainmoniom  chloride  and  ammo- 
nium carbonate,  if  a  small  precipitate  (aluminium  or  ferrio  hydrox- 
ide) fonns,  ignite  and  weigh  this  too  and  dedact  it.  The 
results  are  excellent;  the  amount  of  alkali  which  remains  with 
the  metal  when  the  work  is  done  properly  being  exceedingly 
minute.     Compare  §  80,  a. 

c.  By  precipitaUon  aa  ndphid^. 

Put  the  solution  in  a  flask,  add  ammonium  chloride,  then 
ammonia  Just  in  excess,  then  ammonium  snlphide  as  long  as  a 
precipitate  is  produced,  fill  up  to  the  neck  with  water,  cork  and 
allow  to  Btand  12  or  24  hoars  in  a  warm  place.  Decant,  filter,  and 
wash  as  directed  §  109,  2.  Finally,  dry  and  proceed  as  directed 
%  110,  h,  yS,  to  redissolve  the  cobalt  sulphide.  Determine  the 
cobalt  according  to  h.  There  are  no  sources  of  error  in  the  pre- 
cipitation with  ammoninm  sulphide.  For  the  properties  of  cobalt 
snlphide,  see  g  SO.  It  cannot  be  brought  into  a  weighable  form 
by  ignition  in  hydrogen,  as  the  residue  is  a  variable  mixture  of 
different  sulphides  (H.  Rose).  Cobalt  may  also  be  thrown  down 
as  sulphide  by  the  other  methods  given  under  Nickel.  The 
thorough  precipitation  of  cobalt  is  much  easier  than  that  of  nickel. 

d.  By  precipitation  as  tripotassium  cobaltic  nitrate. 

To  the  moderately  concentrated  solution  of  the  cobalt  salt  add 
potash  in  excess,  then  acetic  acid  till  tlie  precipitate  is  just  redis- 
solved,  then  a  concentrated  solution  of  potassium  nitrite  previously 
just  acidified  with  acetic  acid,  and  allow  to  stand  24  hours  at  a 
gentle  heat.  Filter,  wash  with  solution  of  potassium  acetate  (1  in 
10)  containing  some  potassium  nitrite,  till  all  foreign  snbstancee  are 
removed,  dry,  dissolve  with  the  filter  ash  in  hydrochloric  acid, 
filter  and  determine  the  cobalt  according  to  1,  b.  This  method 
was  introduced  by  A.  Stkomeyeb;*  the  present  modification,  first 
suggested  by  H.  Iii>SE,  and  improved  by  Fb.  Gauhe,  is  the  surest 
to  yield  good  results  (GADHEf).  For  the  properties  of  the  precipi- 
tate, see  §  80,  e. 

2.  Determination  as  sulphale. 

a.  By  direct  conversion. 

Add  to  the  solution  a  little  more  sulphuric  than  will  suffice  to 
form  cobaltous  sulphate  with  all  the  cobalt  present.     Evaporate, 
•  Annai,  d,  CbeiD.  u.  Pbariii.  96,  218.        |  ZciUchr.  f.  anal.  Cbem.  4.  60. 
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uBing  a  platioTim  dUh  or  platinum  cmcible,  at  all  erents,  to  fitush 
tlie  operation.  Heat  the  residue  cantioaalj'  over  the  lamp,  gradu- 
ally increasing  the  temperature  to  dull  Fedneee,  and  maintain  at 
this  point  for  16  minates.  Should  the  edgee  blacken,  moisten  with 
dilute  sulphurio  aoid,  dry,  and  ignite  again  with  greater  caution. 
Properties  of  the  precipitate,  §  80,     Beenlts  quite  satiBfaetory.* 

6.   With  previam  precipitation  aa  avlpMde. 

Precipitate  the  cobalt  as  sulphide  according  to  1,  e,  diesolve  it 
as  directed,  evaporate  with  excess  ai  sulphuric  acid  in  a  porcelain 
dish  to  dryness,  take  np  the  residue  with  water,  tranefer  the  boIu- 
tion  to  a  weighed  platinum  dish  and  proceed  according  to  2,  a. 

%  112. 

5.  Febboub  Iboh. 

a.  Schidon. 

Ma.ny  f  errouB  compounds  are  soluble  in  water.  Those  which 
are  insoluble  in  water  dieaolve  almost  without  exception  in  hydro- 
chloric acid ;  the  solutions,  if  not  prepared  with  perfect  exclusion 
bf  air,  and  with  solvents  absolutely  free  from  air,  contain  invariably 
more  or  less  ferric  cldoride.  In  cases  where  it  is  wished  to  avoid 
the  chance  of  oxidation,  the  solution  of  the  ferrous  compound  is 
effected  in  a  small  flask,  through  which  a  slow  current  of  carbonic 
acid  gas  is  passed,  the  transmission  of  the  gas  being  continued 
unto  the  solution  is  cold.  Many  native  ferrous  compounds  cannot 
be  thus  dissolved.  They  are,  indeed,  rendered  soluble  hy  fusing 
with  sodium  carbonate,  bat  in  this  process  ferric  oxide  is  formed. 
It  is  therefore  advisable  to  heat  such  substances  (in  the  finest  pow- 
der) with  a  mixture  of  3  parts  concentrated  sulphuric  acid  and  1 
part  water  in  a  strong  sealed  tube  of  Bohemian  glass  for  2  hours 
at  about  210°,  or — in  the  case  of  silicates— to  warm  them  with  a 
mixture  of  2  parts  hydrochloric  acid  and  1  part  strong  hydrofluoric 
atud  in  a  covered  platinnm  dish  (A.  MrrscHERLicHf.  See  also 
Cooke's  method  of  solution,  §  160,  84).  Metallic  iron  dissolves  in 
hydrochloric  acid,  and  in  dilute  sulphuric  acid,  with  evolution  of 
hydrogen,  as  ferrous  chloride  or  sulphate  respectively ;  in  warm 
nitric  aoid  it  dissolves  as  ferric  nitrate,  and  in  nitrohydroohloric 
acid  as  ferric  chloride. 

*  Compare  Gauhe,  Zeltscbr.  f.  anal.  Cbem.  4,  50. 
t  Journ.  f.  prakt.  Cbem.  Bl,  110. 
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b.  Determination. 

Ferrous  iron  may  be  estimated  1,  hj  diesolring,  coiiTerting 
into  ferric  Iron,  and  determiDing  the  latter  gravimetricallyorvoln- 
metrically;  2,  by  precipitating  as  aulphide,  and  weighing  it  a 
sncb,  or  determining  it  after  conversion  into  a  ferric  salt ;  3,  b;  a 
direct  volumetric  method. 

The  methods  1  and  2  are,  of  course,  only  applicable  when  nn 
ferric  compound  is  present ;  the  method  2  is  scarcely  ever  used 
except  for  separations.  The  methods  included  under  3  are  adapted 
to  most  cases,  and,  iu  absence  of  other  redncing  substanees,  arc 
especially  worthy  of  recommendation. 

Afl  the  determination  of  iron  as  ferric  oxide  belongs  to  §  113 
and  as  the  process  for  precipitating  ferrous  iron  as  sulphide  is  tlit 
same  as  that  for  precipitating  ferric  iron  in  this  form,  nothlD| 
remains  for  us  here  but  to  describe  the  methods  of  converting 
ferrous  into  ferric  salts  and  the  processes  included  under  3. 

1.  Methods  of  converting  J^erroua  into  Ferric  Iron. 

a.  Methods,  oppliceMe  in  all  cases. 

Heat  the  solution  of  the  ferrous  salt  with  hydrochloric  acid  anij 
add  small  portions  of  potassium  chlorate,  till  the  fluid,  even  aftei 
warming  for  some  time,  still  smells  strongly  of  chlorine.  Om 
object  may  be  also  attained  by  passing  chlorine  gas  or — in  the  caK 
of  small  quantities — by  addition  of  chlorine  water,  or  very  con 
veniently  by  adding  solution  of  bromine  in  hydrochloric  acid.  1 
the  solution  is  required  to  be  free  from  excess  of  chlorine  oi 
bromine,  it  is  finally  heated,  till  alt  odor  of  chlorine  or  bromini 
has  disappeared. 

h.  Methods  which  are  only  suitable  when  tha  iron  is  to  he  svhse 
quently  precipitated  by  am/monia,  asferHc  hydroxide. 

Mix  the  solution  of  the  ferrous  salt  in  a  flask  with  a  littli 
hydrochloric  acid,  if  it  does  not  already  contain  any;  add  Eomi 
nitric  acid,  and  heat  the  mixture  for  some  time  to  incipient  cbnili 
tion.  The  color  of  the  fluid  will  show  whether  the  nitric  acid  hai 
been  added  in  suflScient  quantity.  Though  an  excess  of  nitric  aci< 
does  no  harm,  still  it  is  better  to  avoid  adding  too  much  on  acconn 
of  the  subsequent  precipitation.  In  concentrated  solutions,  tbi 
addition  of  nitric  acid  produces  a  dark-brown  color,  which  diaap 
pears  upon  heating.     This  color  is  owing  to  the  nitrogen  dioxidi 
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(K,0,)  formed  diasolving  in  the  poilion  of  the  solution  wMch  atill 
contains  ferrous  salt 

c.  Methods  which  can  he  ern/ployed  only  -when  the  f&rric  iron  is 
to  he  determined  voluTnetrictUly. 

Add  to  the  hydrochloric  solution  small  quantities  of  artificially 
prepared  iron-free  manganese  dioxide,  till  the  solution  is  of  a  dark 
olive-greon  color  from  the  formation  of  manganic  chloride ;  boil 
till  this  coloration  and  the  odor  of  chlorioe  have  disappeared  (Fr. 
Mohb)  ;  or  you  may  add  pure  potassium  permanganate  (in  crystals 
or  concentrated  solution)  till  the  fluid  is  just  red  and  then  boil,  till 
the  red  color  and  chlorine-odor  Itave  vanished.  These  methods 
present  the  advantage  of  permitting  complete  oonverBion  of  ferrous 
into  ferric  salts  without  the  use  of  any  considerable  excess  of  the 
oxidizing  agent. 

2.   Yolwmetnc  Determination. 

a.  MABonEBTT^'e  Method. 

If  we  add  to  a  solution  of  ferrous  salt,  cont^ning  an  excess  of 
Bulphuric  acid,  potassium  permanganate,  the  fonner  ia  converted 
into  a  ferric  salt  by  the  osidizing  action  of  the  latter  (lOFeSO,  + 
8H,S0,  +  K,Mn,0,=  5Fe,(S0,).  +  K,S0.  +  2MnS0.  +  8H.0). 
Now  if  we  possess  a  solution  of  potassium  permanganate,  and  know 
bow  much  iron  100  cc.  of  it  can  convert  from  the  ferrous  to  tlie  fen-ic 
condition,  we  can,  with  this,  readily  determine  an  unknown  quan- 
tity of  iron ;  we  have  simply,  for  this  purpose,  to  dissolve  the  iron 
in  acid,  in  the  form  of  a  ferrous  salt,  to  oxidize  the  solution  accu- 
rately, and  note  how  many  cc.  of  tho  solution  of  potassium  por- 
mangaoate  have  been  used  to  accomplish  that  object. 

In  the  presence  of  hydrochloric  acid  (see  y),  the  change  is  not 
exactly  in  accordance  with  the  above  equation  (Lowbothal  and 
Lbnssek*). 

a.  Tiiration  of  the  S>^ution  of  Pt^aaaixtm  PermangaTh- 
ate. 
Dissolve  5  grm.  (roughly  weighed)  of  pure  crystallized  pota»- 
einm  permanganate  in  distilled  water  by  the  aid  of  heat,  dilute  to  1 
litre,  and  preserve  in  a  stoppered  bottle.  Action  of  direct  sunlight 
on  the  solution  should  be  avoided.  The  solution,  if  carefully  kept, 
does  not  alter,  but  still  it  is  well  to  titrate  it  afresh  occasionally. 

"  ZeltscUr.  f.  anal.  Chem.  1,  83S. 
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aa.  Titration  by  Metallic  Iron. 

Weigb  off  accurately  about  1  gmi.  thin  soft  iron  %pnre,  previ- 
insly  cleaned  with  emery  paper,  tntnefer  to  a  ^  litre  measuring 
lask,  containing  lUO  c.c.  dilute  snlpliuric  acid  (1  to  5),  add  about  ] 
■m.  sodium  bicarbonate,  to  produce  carbonic  acid  and  expel  the 
lir,  and  then  close  the  flaak  with  an  india-rubber  stopper,  provided 
rith  an  evolution  tube,  as  shown  in  fig.  51 ;  c  coutains  20  or  30 

fee.   water.      Heat  the   flask  at 
*  -ji         first    gently,    finally    to    gentle 

boiling  till  the  iron  is  dissolved, 
f  I  The  clip  h  is  open,  and  the  hydro- 
)  \  gen  escapes  through  the  water 
dz.  ^c  '^  "•  Meanwhile  boil  about  300 
V- — y  c.c.  distilled  water,  to  drive  out 
all  the  air  it  contains,  and  then 
allow  it  to  cool.  As  soon  as  the 
iron  is  entirely  dissolved,  remove 
he  lamp  and  close  the  evolution  tube  with  thfe  dip.  When  the 
ron  solution  has  cooled  a  little  loose  the  clip,  and  aJlow  the  water 
n  c  to  recede,  pour  the  boiled  water  into  c,  and  allow  this  also  to 
ecedo  till  the  Bolution  nearly  reaches  the  mark.  Take  out  the 
ivolution  tube  and  close  the  flask  with  an  unperforated  stopper, 
JIow  to  cool  to  tlie  temperature  of  the  room,  fill  with  water  to  the 
nark,  shake  and  allow  to  stand,  so  that  tlie  particles  of  carbon 
laually  present  may  deposit.  Now  take  out  with  a  pipette  50  ce. 
pf  the  clear  and  nearly  colorless  fluid  (containing  \  of  the  iron 
weighed  off),  transfer  to  a  4fl0  c.c.  beaker,  and  dilute  till  the  beaker 
B  half  full.  Place  the  beaker  on  a  slieet  of  wliite  paper,  or  better, 
m  a  sheet  of  glass,  with  white  paper  underneath. 

Fill  a  Gat-Lussac's  or  Geibblee'b  burette  of  30  c.c.  capacity, 
livided  into  -^  cc.  (see  p.  41,  figs.  13  and  14),  up  to  zero,  with  solu- 
ion  of  potasainui  perman^nate,  of  which  take  care  to  have  ready 
,  Euflicient  quantity,  perfectly  clear  and  uniformly  mixed. 

Now  add  tlie  permanganate  to  the  ferrous  solution,  stirring  the 
rtter  all  the  while  with  a  glass  rod.  At  first  the  red  drops  die- 
ppear  very  rapidly,  then  more  slowly.  The  fluid,  which  at  first 
Fas  nearly  colorless,  gradually  acquires  a  yellowish  tint.  From 
he  instant  the  red  drops  begin  -o  disappear  more  slowly,  add  the 
leiTnanganate  with  more  caution  and  in  single  drops,  until  the  last 
Irop  imparts  to  the  fluid  a  faint,  but  unmistakable  reddish  color, 
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which  remains  on  gtirring.  A  little  practice  will  enable  you  readily 
to  hit  the  right  point.  As  soon  as  the  fluid  in  the  burette  has 
sufficiently  collected  agaiu  read  oR,  and  mark  the  number  of  ce. 
used.  The  reading  off  most  be  performed  with  the  greatest  exact- 
neea  (see  §  22) ;  the  whole  error  should  not  amount  to  -^  c.c 

The  amount  of  permanganate  solution  used  should  he  about 
20  C.C  Bepeat  the  experiment  with  another  50  ac.  of  the  iron 
BolatLOQ.  Q^e  diSerenoe  between  the  permanganate  used  in  the 
two  cases  should  not  be  more  than  '1  e.o. ;  if  it  is,  make  one  more 
experiment  and  when  the  results  are  sufficiently  near  take  the 
mean.  Now  calculate  what  quantity  of  iron  is  represented  by  100 
C.C.  of  the  permanganate.  To  this  end  first  divide  the  iron 
weighed  off  by  5,  and  then  multiply  by  -SSC,  since  soft  iron  wire 
contains  on  the  average  '4  per  cent,  carbon,  &c ;  this  gives  the 
qnantity  of  pure  iron  contained  in  50  cc.  of  the  solution.  Suppose 
we  took  1'050  grm.  iron  wire,  and  used  a  mean  of  21*3  cc  per- 
manganate, -Li^  =  -210,  -210  X  -996  =  -20916.  And  then  by 
rule  of  three : — 

21-3  :  ■20916::100  :x a!  =  -98197; 

therefore,  100  cc  permanganate  =  ■98197  pnre  iron. 

If  there  is  a  deficiency  of  free  acid  in  the  solution  of  iron,  the 
flaid  acquires  a  brown  color,  turns  turbid,  and  deposits  a  brown 
precipitate  (tnanganese  dioxide  and  ferric  hydroxide).  The  same 
may  happen  also  if  the  solution  of  potasaium  permanganate  is 
added  too  qaickly,  or  if  the  proper  stirring  of  the  iron  solution  is 
omitted  or  interrupted.  Experiments  attended  with  abnormal 
manifestations  of  the  kind  had  alwa^  better  be  rejected.  That 
the  fluid  reddened  by  the  last  drop  of  solution  of  potassium 
permanganate  added,  loses  its  color  again  after  a  time,  need  create 
no  surprise  or  uneasiness;  this  decolorization  is,  in  fact,  quite 
inevitable,  as  a  dilute  solution  of  free  permanganic  acid  cannot 
keep  long  nndecomposed. 

hb.  Titration  ly  Ammonmm  Ferroue  Sulphate. 

Weigh  off,  with  the  greatest  accuracy,  about  1-4  grm.  of  the 
pore  salt  prepared  according  to  the  directions  given  in  %  65,  4, 
dissolve  in  about  200  cc.  distilled  water,  previously  mixed  with 
about  20  cc.  dilute  sulphuric  acid,  and  proceed  as  in  oa. 

By  dividing  the  amount  of  salt  weighed  off  by  7-0014  (or  where 


by  Google 


270  DETERMINATION.  [§  112. 

great  acenracy  is  not  required  by  7)  we  obtain  the  qnantity  of  iron 
corresponding. 

If  the  Bait  is  not  pure,  if,  for  instance,  it  contains  basic  radicals 
iaomorphoUB  with  ferrons  iron  (manganese,  magDeBinm,  Ac.) ;  or  if 
it  contains  ferric  iron,  or  is  moist,  the  resnit  will  of  course  be  too 

i.igii. 

ca.  Titration  Jy  OieaUc  Add. 

If  Rohition  of  potassium  permanganate  is  added  to  a  warm 
Bolntion  of  oxalic  acid,  mixed  with  snlphnric  acid,  the  liberated 
permanganic  acid  oxidizes  the  oxalic  acid  to  carbon  dioxide  and 
water  [511,(3,0,  +  K,Mn,0,  +  3H,S0.  =  K,SO.  +  2MnS0.  + 
loco,  +  81I,0].  For  the  oxidation  of  1  raol.  oxalic  acid  (H,C,OJ 
and  2  at.  inin  (in  the  ferrous  state)  equal  quantities  of  permanganic 
acid  are  accordingly  required ;  therefore,  126  parts  (1  mol.)  of 
crystallized  oxalic  acid  correspond,  in  reference  to  the  oxidizing 
action  of  permanganic  aoid,  to  113  part*  (2  at.)  of  iron. 

A  solution  of  oxalic  acid  is  altered  by  the  action  of  light ;  it  is, 
therefore,  well  only  to  dissolve  as  much  as  will  be  required  for 
immediate  use.  Dissolve  1  to  1-2  gnn.  pure  acid  prepared  by 
g  65,  1,  to  250  c.c. ;  50  c.c.  of  this  solution  are  introduced  into 
a  Iveaker,  diluted  with  about  100  e.c.  water,  from  6  to  8  cc.  cone, 
sulphuric  acid  added,  and  the  fluid  heated  to  about  60°.  The  beaker 
is  then  placed  on  a  sheet  of  white  paper,  and  permanganate  added 
from  the  burette,  with  stirring.  The  red  drops  do  not  disappear 
at  first  very  rapidly,  but  when  once  the  reaction  has  fairly  set  in, 
they  continue  for  some  time  to  vanish  instantaneously.  As  soon 
as  the  red  drops  begin  to  disappear  more  slowly,  the  solution  of 
potassium  permanganate  must  be  added  with  great  caution;  if 
])roper  care  is  taken  in  this  respect,  it  is  easy  to  complete  the 
reaction  with  a  single  drop  of  permanganate;  this  completion  of 
tlic  reaction  is  indicated  with  beautiful  distinctness  in  tlie  colorless 
Ihiid.  To  find  the  iron  corresponding  to  the  permanganate  used, 
multiply  the  amount  of  crystallized  oxalic  acid  in  the  50  ce,  by  8 
and  divide  by  9. 

If  the  oxalic  acid  was  not  perfectly  dry,  or  not  quite  pure,  the 
result  of  the  experiment  will,  of  course,  lead  to  fixing  the  strength 
of  the  solution  of  potassium  permanganate  too  high.  Instead  of 
pure  oxalic  acid,  SAiuT-GrLLKs  has  proposed  to  use  crystallized 
oxalate  of  ammoninm  (Nn,),C,0,  +  H.O).  This  can  easily  be  pre- 
pared in  the   pure  state,  keeps  well,   and   can   be  weij^hed  with 
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acooracy.     142'08  parts  of  the  oiTstallized  salt  correepoiicl  to  113 
parte  iron. 

Of  the  foregoing  three  methods  of  standardizing  solntion  of 
potassium  permanganate,  the  first  is  the  one  originally  proposed  by 
!Uabodeiute.  Ammonium  forrons  snlphate  was  first  proposed  by 
Fb.  Moeb,  and  oxalic  acid  by  Hemfex,  as  agents  suitable  for  the 
pnrpoBe.  "With  absolutely  pure  and  thoroughly  dry  reagents,  and 
proper  attention,  all  three  methods  give  correct  results. 

For  myself,  I  prefer  the  first  method,  as  the  most  direct  and 
positive,  the  only  doabtfnl  point  about  it  being  the  question 
whether  the  assumption  that  the  iron  wire  contains  996  per  cent 
of  chemically  pure  iron  is  quite  correct ;  this,  however,  is  of  very 
trifling  importance,  as  the  error  could  not  exceed  ^  or  ^  per 
cent.*  The  other  two  methods  are,  as  may  readily  be  seen,  some- 
what more  convenient,  but  they  are  not  so  trustworthy  unless  you 
can  insure  the  purity  and  dryness  of  the  preparations. 

For  the  analysis  of  very  dilute  solutions  of  iron,  e.g.,  chalybeate 
water,  in  which  the  amount  of  iron  may  be  very  approximately 
determined  witli  great  expedition,  by  direct  oxidization  with  per- 
manganate, a  very  dilute  standard  solntion  must  be  prepared. 
Such  a  tolution  may  be  made  by  diluting  the  previous  solution 
with  9  parts  of  water  or  by  dissolving  '5  grm  crystals  of  potassium 
permanganate  in  1  htre  of  water.  It  is  to  bo  directly  standardized 
with  correspondingly  small  quantities  of  iron,  ferrous  salt,  or  oxalic 
acid. 

In  experiments  of  this  kind,  the  fact  that  a  certain  quantity  of 
permanganate  is  required  to  impart  a  distinct  color  to  pure  acidi- 
fied water  (which  is  of  no  consequence  in  operations  where  the 
concentrated  solution  is  used)  must  be  taken  into  consideration ;  for 
where  the  solution  used  is  so  highly  dilute,  it  takes  indeed  a  measur- 
able quantity  of  it  to  impart  the  desired  reddish  tint  to  the  amount 
of  water  employed.  In  such  cases,  the  volume  of  the  solution  of 
iron  used  for  standardizing  the  permanganate  and  the  volume  of 
the  weak  ferruginous  solution  subjected  to  analysis  should  be  the 
same,  and  either  the  two  solutions  should  contain  about  the  same 
quantity  of  iron,  or  by  means  of  a  special  experiment,,  it  is  ascer- 
tained how  many  -^  cc  of  the  permanganate  are  required  to 

*  If  you  are  often  making  iron  determinations,  jou  may  of  course  procnie  a 
qoaatl^  of  wire  and  determine  the  amount  ot  the  foreign  matter  In  IL 
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impart  the  desired  pale  red  color  to  the  Bame  volume  of  acidified 
water.  In  the  latter  case,  these  -^  c.c.  will  be  deducted  from  the 
amount  of  permanganate  used  in  the  regular  experiments. 


Pig.  OS. 

/?,  Perfermam.ce  of  the  Analytical  Process. 
This  has  been  fully  indicated  in  a.  The  compound  to  be 
examined  is  dissolved,  preferably  with  application  of  a  current  of 
carbon  dioxide*  (see  fig.  52),  in  dilute  snlphnric  acid,  allowed  to 
cool  in  the  current  of  carbon  dioxide,  and  suitably  diluted  (if  prac- 
ticable, the  solution  of  a  substance  containing  abont  -2  grm.  iron 
should  be  diluted  to  about  200  c.c.) ;  if  free  acid  is  not  present  in 
sufficient  quantity,  dilate  sulphnric  acid  is  added  till  about  20  c.c. 
are  present  al||gether,  and  then  standard  permanganate  from  the 
burette,  to  in(^ient  reddening  of  the  fluid.  The  volume  of  stand- 
ard solution  used  is  then  read  off.  The  strength  of  the  solntion  of 
permanganate  being  known,  the  qnantity  of  Iron  present  in  the 
examined  fluid  is  found  by  a  very  simple  calculation.  Suppose 
100  c.  c.  of  solution  of  potassium  permanganate  to  correspond  to 
■98  grm.  iron,  and  25  e.c  of  the  solution  to  have  been  used  to 
effect  the  oxidation  of  the  ferrous  compound  examined,  then 


*  If  commercUl  hydrochloric  acid  is  used  for  the  prepttradon  of  COi  bj  actioii 
on  marble,  it  must  be  free  from  tulphvrovt  aeid—an  impuii^  which  it  ofteo 
contains. 
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The  qoantity  of  ferrous  iron  originally  preeeat  amoimted 
accordingly  to  -245  grm. 

For  the  metliod  of  detertniniDg  the  total  amount  of  iron 
present  in  a  solution  containing  both  ferrouB  and  ferric  salts,  I 
refer  to  §  IIS ;  for  that  of  determining  the  amount  in  each  con- 
dition  separately,  to  Section  V. 

Y-  PTocesa  to  he  used  with  hydrochloric  solutions  of  Iron. 

In  titrating  hydrochloric  acid  solutions  of  iron  with  perman- 
ganate, it  is  essential  that  the  standardizing  of  the  reagent  and  the 
actual  analygiB  be  performed  under  the  same  circumstances  as 
regards  dilution,  amount  of  acid,  and  temperature.  Besides  the 
proper  reaction  lOFcCl.  +  K.Mn.O,  +  16HC1  =  5Fe,Cl.  +  2KCl 
+  2MuCI,  +  8H,0,  the  collateral  reaction  K,Mii,0,  +  16HC1  = 
2KCI  +  2MnCl,  +  811,0  +  lOCl  also  takes  place,  in  consequence 
of  which  a  little  chlorine  is  liberated.  This  chlorine  does  not 
combine  with  the  ferrons  chloride  to  form  ferric  chloride  in  the 
case  of  considerable  dilution,  but  there  occurs  a  condition  of 
equilibrium  in  the  fluid  containing  ferrons  chloride,  chlorine,  and 
hydrochloric  acid,  which  is  -destroyed  by  addition  of  a  further 
quantity  of  eitlier  body  (Lowenthal  and  Lenssen*).  But  since 
it  is  ditlicult  to  observe  the  above  conditions  of  obtaining  correct 
results,  the  determination  in  presence  of  hydrochloric  acid  is 
always  less  trustworthy  than  it  is  in  sulphuric  acid  solutions. 

The  following  method  I  have,  however,  found  f  to  give  the 
best  results : — 

Standardize  the  permanganate  by  means  of  iron  dissolved  in 
dilute  sulphuric  acid,  make  the  iron  solution  to  be  tested  up  to  ^ 
litre,  add  50  c.c  to  a  large  quantity  of  water  acidified  with  sul- 
■  phuric  acid  {about  1  liti-e),  titrate  with  permanganate,  then  again  add 
50  c.c.  of  the  iron  solution,  and  titrate  again,  Ac  &c.  The  num- 
bers obtained  at  the  third  and  fourth  time  are  taken.  These  are 
constant,  while  the  nnmber  obtained  the  flrst  time,  and  sometimes 
also  the  second  time,  differs.  The  result  multipHed  by  5  gives 
exactly  the  quantity  of  permanganate  proportional  to  the  amount 
of  ferrous  iron  present. 

h.  Penny's  Method  (recommended  subsequently  by  Schabps). 

If  potassium  dichromate  is  added  to  a  solution  of  a  ferrous  salt 
in  presence  of  a  strong  free  acid,  the  ferrous  salt  is  converted  into 

■•  Zeltochr.  f.  uial.  Chem.  I.  889.  f  lb.  1.  861.       . 
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ferric  salt,  whilst  a  potassium,  and  a  cliromio  salt  of  the  free  idd  is 
fonned  (6FeS0.  +  K.Cr.O,  +  7H,SO.=3Fe,(SO0,  +  K^O,  +  Cr. 
(S0,),+7H,0). 

Now,  with  29*532  gr.  potassium  dichromato  diseolred  to  21itr«s 
of  fluid,  33'6  gr.  iron  may  be  changed  from  a  ferrous  to  a  ferric 
salt,  (295-23  being  the  mol.  weight  of  K,Cr,0„  and  336  being  G 
times  the  at.  weight  of  iron ;)  50  o.c.  of  the  above  solution  corre- 
spond accordingly  to  '84  grm.  iron. 

Care  must  be  taken  to  nse  perfectly  pure  potassium  dichromate; 
the  salt  is  heated  in  a  porcelain  crucible  until  it  is  just  fused ;  it  is 
then  allowed  to  cool  under  the  desiccator,  and  the  required  quan- 
tity weighed  off  when  cold.  Besides  the  above  solution,  another 
sliould  also  be  prepared,  ten  times  more  dilute. 

It  is  always  advisable  to  test  the  correctness  of  the  standard 
solution  of  potassium  dicliroinate,  by  oxidizing  with  it  a  known 
amount  of  pure  iron  dissolved  to  a  ferrous  salt  (see  p.  208,  aa). 

Tlie  ferrous  solution  is  sufficiently  diluted,  mixed  with  a  snf- 
ficient  quantity  of  dilute  sulphuric  acid,  and  the  standard  solution 
of  potassium  dichromate  slowly  added  from  the  burette,  the  liquid 
being  stirred  all  the  while  with  a  thin  glass  rod.  The  fluid,  whicli 
is  at  first  nearly  colorless,  speedily  acquires  a  pale  green  tint,  whicli 
changes  gradually  to  a  darker  chrome-green.  A  very  small  drop 
of  the  mixture  is  now  from  time  to  time  taken  out  by  means  of 
the  stirring-rod,  and  brought  into  contact  with  a  drop  of  a  solution 
of  potassium  ferricyanide  (free  from  fcrrocyanide)  on  a  porcelain 
plate,  which  lias  been  spotted  with  several  of  such  drops.  "When 
the  blue  color  thereby  produced  begins  to  lose  the  intensity  whicb 
it  exhibited  on  the  first  trials,  and  to  assume  a  paler  tint,  tb( 
addition  of  the  solution  of  potassium  dichromate  must  be  mon 
carefully  regulated  than  at  first,  and  towards  the  end  of  the  proeese. 
a  fresh  essay  must  be  made,  and  with  larger  drops  than  at  firet 
after  each  new  addition  of  two  drops,  and  finally,  even  of  a  singl( 
drop ;  drops  must  also  be  left  for  some  time  in  contact  before  th< 
observation  is  taken.  When  no  further  blue  coloration  ensnes,  thi 
oxidation  ia  terminated.  From  the  remarkable  sensitiveness  of  th< 
reaction,  the  exact  point  may  be  easily  hit  to  a  drop.  To  heightet 
the  accuracy  of  the  results,  the  dilute  (ten  times  weaker)  standan 
fluid  should,  just  at  the  end  of  the  process,  be  substituted  for  thi 
concentrated  solution  of  potassium  dichromate. 

For  the  manner  of   proceeding   in   presence  of  ferric  salt^ 
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I  refer  to  §  113.  If  tliei-e  is  a  deficiency  of  free  acid  in  Mio 
Bolntion,  brown  c)ironiic  chromate  may  fonn,  npon  wliich  tlie 
solntion  of  ferronB  salt  exercieee  no  longer  a  deoxidizing  action. 

This  method  is  Qsaally  preferred  to  the  preceding  when  hydro- 
chloric acid  is  nnavoidably  present 

§118. 

6.  Febsic  Ison. 

a.  Soltitiffn.. 

Many  ferric  componnds  are  soluble  in  water.  Ferric  oxide  and 
most  ferric  componndB  which  are  insoluble  in  water,  dissolve  in 
hydrocliloric  acid,  but  many  of  them  only  elowly  and  with  dilfi- 
culty ;  compounds  of  this  nature  are  beet  dissolved  in  concentrated 
hydrochloric  acid,  in  a  flask,  with  the  aid  of  hesit ;  which,  however, 
should  not  be  allowed  to  reach  the  boiling-point ;  the  compound 
must,  moreover,  be  finely  powdered,  and  even  then  it  will  often 
take  many  hours  to  effect  complete  solution.  Fusion  with  sodium 
carbonate  or  potassium  disulphate  must  sometimes  be  resorted  to 
in  case  of  native  ferric  compoonds. 

i.  Determinai^Um, 

The  iron  of  ferric  compounds  is  nsnally  weiglied  as  ferric 
oxide,  bat  sometimes  as  ferrous  sulphide  (§  81).  It  may,  however, 
be  estimated  also  indirectly,  and  also  by  volnmetric  analysis,  botli 
directly  and  after  reduction  to  ferrous  iron.  The  conversion  of 
compounds  of  iron  into  ferric  oxide  is  effected  either  by  precipita- 
tion as  ferric  hydroxide,  preceded  in  some  cases  by  precipitation  as 
ferroos  snlphide,  or  as  basic  ferric  acetate,  succinate,  or  formate : 
or  by  ignition.  While  the  volumetric  and  the  now  seldom-used 
indirect  methods  are  applicable  in  almost  all  cases,  we  may  convert 
into 

1.  Fkeeic  Oxids. 

a.  By  PreeijtUaiion  as  Ferric  Hydromde. 

All  salts  soluble  in  water  of  inorganic  or  volatile  ethnic  acids, 
and  likewise  those  which,  insoluble  in  water,  dissolve  in  hydro- 
chloric acid,  with  separation  of  their  add. 

b.  By  Brecipitaiion  as  Ferrous  Sulphide. 
All  componnds  of  iron  without  exception. 

c.  By  ignition. 

All  ferric  salts  of  volatile  oxygen  acids. 
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2.  Febkous  Sclpuidk. 

All  compoDndB  of  iron  without  exception. 

The  method  1,  c,  ib  the  most  expeditious  and  accurate,  and  ii 
therefore  preferred  in  all  casea  where  its  application  is  admiedble. 
The  method  1,  a,  le  the  most  geuerallj  naed.  The  methods  1,  &, 
and  2,  serve  principally  to  effect  the  separation  of  the  iron  from 
otiicr  bases ;  they  are  resorted  to  also  in  certain  instances  where  a 
is  inapplicable,  especially  in  cases  where  sngar  or  other  uon-volatilt 
oi^anic  substances  are  present ;  and  also  to  determine  iron  in  ferric 
phosphates  and  borates.  For  the  manner  of  determining  iron  ic 
ferric  chromate  and  silicate,  I  refer  to  ^  130  and  140,  The  voln 
metric  methods  for  estimatinp;  tlie  iron  of  ferric  compounds  an 
used  in  technical  work  almost  to  the  exclusion  of  all  others,  anc 
are  very  frequently  employed  in  BCieutifie  analyses. 

1.  DetermiTiation  as  Ferric  Oxid«. 

a.  By  Precipitation  aa  FerriG  Hydroxide. 

Kix  the  solution  in  a  dish  or  beaker  with  ammonia  in  excees 
heat  nearly  to  boiling,  decant  repeatedly  on  to  a  filter,  wash  th( 
precipitate  carefully  with  hot  water,  dry  thorougMy  (which  verj 
greatly  reduces  the  bulk  of  the  precipitate),  and  ignite  in  the 
manner  directed  in  §  53. 

For  the  properties  of  the  precipitate  and  residue,  see  §  81.  Thi 
method  is  free  from  sources  of  error.  The  precipitate,  under  al 
eircmnstauces,  even  if  there  are  no  fixed  bodies  to  he  washed  oot 
must  be  most  carefully  and  thoroughly  washed,  since,  should  ii 
retain  any  traces  of  ammonium  chloride,  a  portion  of  the  iroi 
would  volatilize  in  the  form  of  ferric  chloride.  It  is  also  higlJj 
advisable  to  dissolve  the  weighed  residue,  or  a  portion  of  it,  ii 
strong  hydrochloric  acid,  to  see  whether  it  is  quite  free  from  silicii 
acid.  The  solution  is  most  readily  effected  in  hydrochloric  acic 
if  the  oxide  is  previously  reduced  to  metallic  iron  by  ignition  ii 
hydrogen. 

J.  By  Precipitation  as  Ferrous  Sulphide. 

The  solution,  in  a  not  too  large  flask,  is  mixed  with  ammoni 
till  all  the  free  acid  is  neutralized.  (In  the  absence  of  organ! 
non-volatile  substances,  this  leads  to  the  precipitation  of  a  litt 
ferric  hydroxide,  which,  however,  is  of  no  consequence.)  Ad 
ammonium  chloride,  if  not  already  present  in  sufficient  quantit; 
then  colorless  or  yellowish  ammonium  sulphide  in  moderate  exces 


by  Google 


§  113.]  FBBKIC  IRON.  277 

lastly  water,  till  the  flaid  reacLee  to  the  neck  ef  the  flask.  Cork 
it  np  and  Btand  in  a  warm  place  till  the  precipitate  has  subsided, 
and  the  supernatant  flaid  has  a  clear  yellowish  appearance  (without 
a  tinge  of  green).  Wash  ae  directed  in  the  case  of  manganese 
Bnlphide  (§  109,  1,  c).  Neglect  of  any  of  these  precautions  will 
occasion  some  lose  of  substance,  the  ferrous  sulphide  gradually 
combining  with  the  oxygen  of  the  air,  and  passing  thus  into  the 
filtrate  as  ferrous  sulphate.  As  this  sulphate  is  reprecipitated  by 
the  ammoniam  salphide  present,  the  filtrate  assumes,  in  such  cases, 
a  greenish  color,  and  gradually  deposits  a  black  precipitate,  the 
separation  of  which  is  highly  promoted  by  addition  of  ammonium 
chloride.     [See  remarks  in  [  ]  §  81,  5,  c.  p.  165.] 

When  the  operation  of  washing  is  completed,  the  racist  pre- 
dpitate  (if  it  is  not  dried  and  determined  according  to  2)  is  put, 
together  with  the  filter,  into  a  beaker,  some  water  added,  and  then 
hydrochloric  acid,  until  the  whole  is  redissolved.  Heat  is  now 
applied,  until  the  solution  smells  no  longer  of  hydrogen  sulphide ; 
the  fluid  is  then  filtered  into  a  flask,  the  residual  paper  carefully 
washed,  incinerated,  the  ash  treated  with  warm  strong  hydrochloric 
acid.  The  solution  thus  obtained  (if  yellowish)  is  added  to  the 
maiQ  filtrate,  which  is  next  heated  with  nitric  acid  (see  §  112,  1); 
the  solution  (now  ferric)  is  finally  precipitated  with  ammonia,  as 
in  a. 

If  a  solution  of  potassium  ferric,  ammoninm  ferric,  or  sodimn 
ferric  tartrate  contains  a  considerable  excess  of  alkali  carbonate, 
the  precipitation  of  the  iron  as  sulphide  is  prevented  to  a  greater 
or  less  extent  (Blduenac).  Id  such  cases  the  fluid  must  therefore 
be  nearly  neutralized  with  an  acid,  before  the  precipitation  with 
tlie  ammoninm  sulphide  can  be  effected. 

c.  By  Ignition. 

Expose  the  compound,  in  a  covered  crucible,  to  a  gentle  heat 
at  first,  and  gradually  to  the  highest  degree  of  intensity ;  continue 
the  operation  nntil  the  weight  of  the  residuary  ferric  oxide  remains 
c<Kistant. 

2.  DeterTninaiion  as  Anhydrous  Femms  Sulphide. 
The  hydrated  ferrous  sulphide  obtained,  as  in  1,  h,  may  be  very 
conveniently  determined  by  conversion  into  the  anhydrous  sul- 
phide.    Tlie  process  is  the  same  as  for  zinc  (§  108,  2).     The  heat 
to  which  it  is  finally  exposed  in  the  onirent  of  hydrogen  most  be 
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stroDg,  fts  an  excess  of  snlphar  is  retained  with  some  ob&tina^.  In 
fact,  it  is  advisable  after  weighing  to  re-ignite  in  hydrogen  and 
weigh  a  second  time.  It  is  of  no  importance  if  the  hydrated  sul- 
phide has  oxidized  on  drying. 

Ferrous  sulphate  and  ferric  hydroxide  can  be  transformed  into 
sulphide  in  the  same  manner,  after  haying  been  dehydrated  by 
ignition  in  a  porcelain  crucible  (H.  Bose*). 

The  results  obtained  by  Oesten,  and  adduced  by  Robe,  as  well 
as  those  obtained  in  my  own  laboratory,  are  exceedingly  satis&o- 
tor?.    (Expt.  No.  75.) 

3.  Volumetric  Determination. 

a.  Preceded  fty  Reduction  of  Ferric  to  Ferrous  Iron. 

We  have  to  occupy  ourselves  simply  with  the  reduction  of  fer- 
ric to  ferrons  solutions,  the  other  part  of  the  process  having  been 
fully  discussed  in  §  112  (Ferrous  Iron).  This  reduction  can  be 
effected  by  many  substances  (zinc,  stannous  chloride,  hydn^n 
sulphide,  sulphurous  acid,  &c.),  but  only  those  can  be  used  with 
advantage,  an  excess  of  which  may  be  added  with  impunity.  If 
an  excess  must  he  very  carefully  avoided,  or,  being  added,  most  be 
carefully  removed,  the  method  becomes  troublesome,  and  a  ready 
source  of  inaccuracy  is  introduced. 

Reduction  hy  Zinc. — Heat  the  hydrochloric  or  sulphuric  acid 
solution,  which  must  contain  a  moderate  excess  of  acid,  but  be  free 
from  nitric  acid,  in  a  small  long-necked  flash,  placed  in  a  slanting 
position ;  drop  in  small  pieces  of  iron-free  zinc  (§  60),  and  condnct 
a  slow  current  of  carbon  dioxide  through  the  flask  (fig.  52,  p.  273). 
Evolution  of  hydrogen  gas  begins  at  once,  and  the  color  of  the 
solution  becomes  paler  in  proportion  as  the  ferric  sulphate  (or 
chloride)  changes  to  ferrous  sulphate  (or  chloride).  Apply  a  mode- 
rate heat,  to  promote  the  action ;  and  add  also,  if  neccBsary,  a  little 
more  zinc.  As  soon  as  the  hot  solution  is  completely  decolorized 
(one  cannot  judge  of  the  perfect  reduction  of  a  cold  solution  bo 
well,  as  the  color  of  a  ferric  salt  is  deeper  when  hot),  allow  to  cool 
completely  in  the  stream  of  carbon  dioxiode ;  to  hasten  the  cooling 
the  flask  may  be  immerBcd  in  cold  water ;  then  dilute  the  contents 
with  water,  pour  off  and  wash  carefully  into  a  beaker,  leaving 
behind  any  undissolved  zinc,  and  also  (as  far  as  possible)  any  flocks 
of  lead  that  may  have  separated  from  the  zinc,  and  proceed  ss 
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directed  in  §  113,  3.  If  the  aolation  contain  metals  precipitable 
by  zinc,  these  will  separate,  and  may  render  filtration  necessary. 
In  this  case  the  filtrate  mnst  be  again  heated  with  zinc  before  using 
the  standard  solution.  If  iron-free  zinc  cannot  be  procured,  the 
percentage  of  iron  in  the  metal  used  must  be  determined,  and 
weighed  portions  of  it  employed  in  the  process  of  reduction ;  the 
known  amount  of  iron  contained  in  the  zinc  consumed  is  then  sub- 
tracted  from  the  total  amonnt  of  iron  found. 

[Reduction  hy  Hydrogen  Sulphide. — Pass  hydrogen  sulphide 
through  the  cold  ferric  solution  in  a  fiask.  The  solntion  should 
occupy  about  two-thirds  of  the  capacity  of  the  flask,  and  should 
not  contain  much  more  tlian  '2  gr.  iron  per  100  cc,  bat  may 
be  more  dilute  when  but  little  iron  is  present  Continue 
the  treatment  with  hydrogen  sulphide  at  least  10  minutes 
after  the  color  dne  to  the  ferric  salt  has  disappeared,  or  until  the 
Bolution  appears  to  be  well  saturated  with  that  gas.  Heat,  at  first 
cautiously,  to  boiling.  Escape  of  hydrogen  sulphide  at  this  period 
indicates  that  enough  of  that  reagent  has  been  applied.  Continue 
boiling  so  rapidly  that  air  cannot  enter  the  flask,  the  month  of 
which  may  be  partially  closed  by  a  loose  roll  of  filter  paper,  or  other 
means,  until  the  solution  is  reduced  to  one  half  its  first  volume. 
This  will  insure  the  removal  of  excess  of  hydrogen  sulphide.  (The 
eecaping  vapor  will  cease  to  blacken  paper  dipped  in  an  alkaline 
lead  soln^on  somewhat  before  this  point  is  reached.)  Daring  the 
boiling,  let  the  flask  be  Inclined  so  as  to  prevent  mechanical  lose. 
When  the  boiling  is  discontinued  fill  the  flask  immediately  with 
oold  water  to  within  an  inch  of  the  mouth,  close  with  a  stopper, 
and  cool  in  a  stream  of  water. 

Before  reducing  the  ferric  solution  by  either  of  the  above  pnv 
cesses,  it  is  desirable  to  remove  hydrochloric  acid,  if  it  is  present, 
ao  that  the  iron  after  reduction  can  be  satisfactorily  determined  by 
means  of  potassium  permanganate. 

Chlorides  can  be  decomposed  and  hydrochloric  acid  removed 
by  evaporating  the  solution  with  excess  of  sulphuric  acid  so  long 
■8  hydrochloric  acid  vapors  are  given  off  at  a  temperature  slightly 
exceeding  100°  C.  A  liberal  excess  of  sulphuric  acid  is  advanta- 
geous. After  cooling  add  water  and  digest  till  the  ferric  sulphate 
18  dissolved.  This  treatment  is  simple  and  safe  when  nothing  is 
present  which  is  thereby  converted  into  a  compound  insolnble  in. 
dilute  snlphoric  acid  (silicic  add,  bariom,  strontinm,-  much-  cal- 
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ciam,  &c).  Such  insolnble  coiiipounds  maj  persistently  ret^n 
iron. 

When,  therefore,  by  evaporation  with  salphiiric  acid  and  sub- 
sequent treatment  with  water  an  insoluble  residue  remainB,  it 
should  not  be  thrown  away  before  testing  it  to  aseertain  whether 
it  retains  iron,] 

b.   Wit/ioui  previous  Redticlion  to  Ferrous  Iron,  after  Oubb- 

MAMS.* 

If  an  acid  solution  of  ferric  chloride  is  mixed  with  a  little  cnpric 
sulphate  and  some  potassium  sulphocyanate  and  then  sodium  thio- 
sulphate  is  added,  the  red  color  of  the  ferric  sulphocyanate  gets 
paler  and  paler,  and  finally  when  the  ferric  salts  are  reduced  to  fer- 
rous, disappears  altogether.  Warming  is  nnneceesary.  To  hit  the 
point  is  not  easy,  so  we  add  a  slight  excess  of  sodium  thJosulphate, 
and  then  titrate  back  with  standard  iodine.  The  reaction  is  as  fol- 
lows :  Fe,a.  +  2Na,S,0,  =  SFeCl,  +  2NaCl  +  Na,S,0. ;  it  is  pro- 
moted by  the  addition  of  a  small  quantity  of  cupric  sttlphate,  which 
is  alternately  reduced  by  the  thiosulphat«  and  oxidized  by  the  fer 
ric  chloride.  If  a  small  quantity  of  cuprous  salt  is  prodnced  by 
the  excess  of  thiosulphate  this  does  uot  matter,  as  its  action  on  the 
iodine  solution  is  the  same  in  extent  as  the  action  of  the  thiosul- 
phate which  produced  it.  The  method  is  not  accurate  unless  the 
fluid  remains  clear;  neither  cuprons  sulphocyanate  nor  cuprous 
iodide  nor  sulphur  must  be  thrown  down.  Hence  care  must  be 
taken  to  maintain  the  proper  amounts  of  the  reagents  and  to  dilute 
the  fluid  sufliciently. 

We  require — 1.  A  solution  of  sodium  thiosulphate  contaming 
:about  24  gr.  (of  the  crystallized  salt)  per  litre.  2.  A  solution  of 
ferric  chloride  of  known  strength,  prepared  by  dissolving  10'04 
grm.  of  clean,  fine,  and  soft  iron  wire  (=  10  grm.  pure  iron),  in 
hydrochloric  acid  in  a  slanting  long-necked  flask,  oxidizing  the  solu- 
tion with  potassium  chlorate,  com^etely  removing  the  excess  of 
chlorine  by  protracted  gentle  boiling,  aud  finally  diluting  the  soln- 

*  Sodium  thiosulphate  was  flrat  employed  by  Schbree  (Oel.  Aas.  der  E, 
Bayerisclieu  Akademie,  vom  81  Aug.  1869),  afterwards  by  Eremer  and  Lan- 
DOLT  (Zcitschr.  f.  anal.  Cliem.  1,  214).  The  metbodof  ODDEUAiia  is  to  be  found 
in  Zeiischr.  f.  anal.  Chem.  6, 1S9;  it  was  criticiacd  and  rejected  in  MoHH'sLehrb. 
d.  Titrirmethode,  3  Aufl.  291.  Oudexanb  replied  to  MoHida  Zeitachr.  t.  anal. 
Chem.  9,  S4S,  and  an  examioatioD  of  the  method  by  C.  Baluno,  appeared  in 
ilhe  same  journal,  .9,  .&9. 
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tiou  to  1  litre.  3.  A  Bolutiou  of  capric  enlphate,  1  in  100.  4.  A 
Bolation  of  potaseinm  snlphocyanate,  1  in  100.  5.  A  solution  of 
iodine  in  potaasinm  iodide,  contaimog  5  or  3  grm.  iodine  in  the 
litre  (compare  §  146,  a).     6.  Thin  starch  paete. 

Measure  off  some  of  the  sodiam  thiosnlphatc,  add  starch  paste 
(§  146,  a),  and  then  titrate  with  iodine  solution,  in  order  to  deter- 
mine the  relation  between  the  two  Bointions.  Now  transfer  10  or 
20  0.C  of  the  ferric  chloride  to  a  beaker,  add  2  cc.  concentrated 
hydrochloric  acid,  100  or  150  cc  water,  3  cc  copper  solntion,  and 
1  cc  potassinm  snlphocjanate,  titrate  with  Bodium  thioetilpbat^ 
till  the  fluid  just  loses  its  color,  add  at  once  some  starch  paste,  and 
titrate  back  with  iodine  solution  till  the  bine  color  appears.  Deduct 
the  thiosulphate  equivalent  to  the  iodine  solution  from  the  total 
qoantit;  of  thiosulphate  used,  and  the  remainder  will  represent  the 
amount  required  to  reduce  the  iron  present.  In  the  analysis  the 
conditions  should  be  similar  to  those  iu  the  standardizing  of  the 
thiosulphate. 

This  method  is  very  rapid,  and  the  results,  though  not  so  accu- 
rate as  those  by  method  a,  are  quite  good  enough  for  many  tech- 
nical parpoeea. 

StgiplemetU  to  the  Fourth  Orovp. 

§114. 

7.  UnAiniTH  ASD  Uranyi.. 

If  the  compound  in  which  the  uranium  is  to  be  determined 
contains  no  other  fixed  substances,  it  may  often  be  converted  into 
iMTotuma  uroTiats  U(UO,), — (called  also  nranoso-uianic  oxide  UO,- 
2UO,) — by  simple  ignition.  If  sulphuric  acid  is  present,  small  por- 
tions of  ammonium  carbonate  must  be  thrown  into  the  crucible 
towards  the  end  of  the  operation. 

In  cases  where  the  application  of  this  method  is  inadmissible, 
the  solution  of  uranium  (which,  if  it  contains  nranous  salts,  must 
first  be  warmed  with  nitric  acid,  nntil  they  are  converted  into  uranyl 
salts)  is  nearly  boiled  in  a  platinum  or  porcelain  dish,  and  pre- 
cipitated with  ammonia  in  alight  excess.  The  yellow  precipitate 
formed,  which  consists  of  hydrated  wm/monium,  uranats,  is  filtered 
off  hot  and  washed  with  a  dilute  solution  of  ammonium  chloride,  to 
prevent  the  fluid  passing  milty  throiigh  the  filter.  The  precipitate 
is  dried  and  ignited  (§  53).    To  make  quite  sure  of  obtaining  the 
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[tranous  aranate  in  tlie  pure  etiitc,  the  cruciblo  U  ignited  for  eonie 
time  in  a  slanting  position  and  uncovered  ;  the  lid  is  then  put  on, 
M'liile  tlio  i^ition  ie  still  continaing;  the  cracible  is  allowed  to 
!-(>oI  under  the  desiccator,  and  weighed  (Rajumelsbebo). 

If  the  solution  from  which  tho  uranyl  is  to  be  precipitated  con- 
hiiiis  other  basic  radicals  (alkali-earth  metals,  or  even  alkali  metals), 
portions  of  these  will  precipitate  along  with  the  ammouium  uranate. 
For  the  measures  to  be  resorted  to  in  such  cases,  I  refer  to  Sec- 
tion Y. 

The  reduction  of  the  uranous  aranate  to  the  state  of  uranons 
oxide  (UO,)  is  an  excellent  means  of  ascertaining  its  ptirity  for  the 
pni-];03e  of  control.  This  reduction  should  never  be  omitted,  since 
Pklioot  has  found  t]ie  urauous  uranate  to  be  variable  in  compoei- 
tion.  It  is  effected  by  ignition  in  a  current  of  hydrogen  gas,  in  the 
way  described  §  111,  1  (Cobalt).  In  tlie  case  of  large  quantities 
tlie  ignition  must  be  several  times  repeated,  and  the  residue  mast 
be  occasionally  stirred  with  a  platinum  wire.  Wliile  cooling 
increase  the  current  of  gas  to  prevent  reabeorption  of  oxygen.  By 
intense  heating  the  property  of  spontaneous  ignition  in  the  air  is 
destroyed.  If  after  evaporating  a  solution  of  aranyl  chloride,  the 
residue  is  to  be  ignited  in  hydrogen,  heat  gently  at  first  in  the  gas 
to  avoid  loss  by  Volatilization.  The  separation  of  uranyl  from 
phosphoric  acid  is  effected  by  fusing  the  compound  with  potassium 
cyanide  and  sodium  carbonate.  Upon  extracting  the  fused  mass 
with  water,  the  phosphoric  acid  is  obtained  in  solution,  whilst  ura- 
nium is  left  as  uranous  oxide.  Kmop  and  Akendt*  have  employed 
this  method. 

Taking  237-6  as  the  atomic  weight  of  uranium,  11(110,),  ura- 
nous uranate  contains  84*77  per  cent,  of  uranium  and  15'23  per 
3ent.  of  oxygen,  UO,  uranons  oxide  contains  88-13  per  cent,  ura- 
nium and  11'87  per  cent,  of  oxygen. 

According  to  Belohoubeok,+  uranium  may  be  also  determined 
ffolnmetrically  by  reducing  the  solution  of  uranyl  acetate  or  sul- 
phate to  uranons  salts  with  zinc,  as  in  the  case  of  iron  (§  113,  3,  a). 
As  tho  color  of  the  solution  is  no  safe  criterion  of  the  end  of  the 
redaction,  yon  must  allow  the  action  of  the  zinc  to  continue  for  a 
[wnsiderable  time.  Belohoubeck  says,  a  quarter  of  an  hour  is 
iufficient  for  small  quantities,  half  an  hoar  for  lai^  qaantities. 

*  Owm.  Ceutnablatt,  ISH,  T78.  f  ZeiUcfar.  f.  uiaL  Cbetn.  S,  190. 
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Tke  eolation  of  the  aranous  salt  is  diluted,  mixed  with  dilute  bqI- 
phnric  acid,  and  then  titrated  with  permanganate  to  incipient  red- 
dening. The  permangaiiate  is  standardized  hj  g  112,  2,  ]  at. 
uranium  =  2  at.  iron. 

Bexohoubeck  obtained  good  results  also  in  hydrochloric  boId- 
tions,  but  experiments  made  in  this  laboratorj  have  shown  that 
tliese  are  liable  to  the  error  pointed  oat  in  the  case  of  iron  (Comp. 
p.  273,  y),  at  least  in  the  presence  of  considerable  quantities  of 
hydrochloric  acid. 

J^if^  Group. 

BII-TEB — LEAD — UEBODST    IN    HERCUBOUS   OOUPOtrNIW — MGBCmCT   IH 
UEBCITBIO    OOHFOmiDS  —  COPPEB  —  BISUDTH — OADVJtm — (PAIXA> 

Dinu). 

§  115, 

1.    SiLTEB. 

a.  Sohttian. 

Metallic  silver,  and  those  of  its  compounds  which  are  insoluble 
in  water,  are  best  dissolved  in  nitric  acid  (if  soluble  in  that  acid). 
Dilute  nitric  acid  suffices  for  most  compounds ;  silver  sulphide, 
however,  requires  concentrated  acid.  The  solution  is  effected  best 
in  a  flask,  which  should  be  heated  if  necessary,  and  placed  in  a 
slanting  position  if  gas  is  evolved.  In  the  case  of  metallic  silver, 
or  silver  sulphide,  the  solution  is  heated  finally  to  gentle  boiling 
to  drive  off  nitrous  acid.  Silver  chloride,  bromide,  and  iodide  are 
insoluble  in  water  aud  in  nitric  acid.  To  get  the  silver  contained 
in  chloride  and  bromide  in  solution,  proceed  as  follows : — Fuse  the 
salt  in  a  porcelain  crucible  (this  operation,  though  not  absolutely 
indispensable,  had  better  not  be  omitted),  pour  water  over  it,  put 
&  piece  of  clean  cadmium,  zinc,  or  iron  upon  it,  and  add  some 
dilute  sulphuric  acid.  Wash  the  reduced  spongy  silver,  iirst  with 
dilate  sulphuric  acid,  then  with  water,  and  finally  dissolve  it  in 
nitric  acid.  However,  as  we  shall  see  below,  the  quantitative 
analysis  of  these  salts  does  not  necessarily  involve  their  solution. 

h.  Determination. 

Silver  may  be  weighed  as  chloride,  suiphide,  or  oyanide,  or  in 
the  metaUio  state  (§  82).  It  is  also  frequently  determined  by  vola- 
metric  aualysiB. 
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We  may  convert  into 

1.  Silver  chloside  :  All  compounds  of  silver  without  excep- 
tion. 

2.  Silver  sulphide  :  3.  Silveb  ctanide  :  All  coioponDde  soln- 
ble  in  water  or  nitric  acid. 

i.  Mettallic  BtLVEK :  Silver  oxide  and  Eomesilver  salts  of  readil; 
volatile  acids;  silver  salts  of  organic  acids;  silver  cUoride,  bro- 
mide, iodide,  sulphide,  and  sulphate. 

The  method  4  is  the  most  convenient,  especially  when  con- 
daetcd  in  the  dry  way,  and  is  preferred  to  the  others  in  all  caeet 
where  its  application  is  admissible.  The  method  1  is  that  most 
generally  resorted  to.  2  and  3  serve  mostly  only  to  effect  tht 
separation  of  silver  from  other  metals. 

In  assays  for  the  Mint,  silver  is  usually  determined  volumetric 
ally  by  Gat-Ldssao'b  method.  Pibani'b  volumetric  method  if 
especially  suited  to  the  determination  of  very  small  qnantities  ol 
silver.    H.  Yooel's  method  is  specially  useful  to  photographers. 

1.  Determination  of  Silver  as  Cklorids. 

a.  In  the  Wet  Way. 

Mix  the  moderately  dilute  Bolution  in  a  beaker  with  nitric  acid, 
heat  to  about  70°,  and  add  hydrochloric  acid  with  constant  stirring 
till  it  ceases  to  produce  a  precipitate.  A  lai^  excess  of  hydro 
chloric  acid  must  be  avoided,  as  the  precipitate  is  not  absoluteljf 
insoluble  therein.  Wuile  protecting  the  contents  of  the  beakei 
from  the  action  of  direct  sunlight  continue  the  heat  till  the  precipi- 
tate has  fully  settled,  pour  off  the  clear  fluid  through  a  small  filter, 
rinse  the  pi'ecipitate  on  to  the  latter  by  means  of  hot  water  mixed 
with  some  nitric  acid,  wash  with  hot  water  containing  nitric  acid. 
then  with  pore  hot  water,  dry  thoroughly,  transfer  the  precipitaK 
to  a  watch-glass  as  nearly  as  possible,  incinerate  the  filter  in  3 
weighed  porcelain  crucible,  treat  the  ash  (wliich  always  contains 
some  metallic  silver)  with  a  few  drops  of  nitric  acid  in  the  lieat. 
add  two  or  three  drops  of  hydrochloric  acid,  evaporate  cautionslj 
to  dryness,  add  the  main  bulk  of  the  precipitate,  using  a  camel'^ 
hair  brush  to  transfer  the  last  portions,  heat  cirationsly  till  ithcgini 
to  fuse  at  the  edge,  allow  to  cool,  and  weigh. 

To  remove  the  fused  mass  without  breaking  the  crucible,  lai 
a  small  piece  of  iron  or  zinc  upon  it,  and  then  add  very  dilutt 
hydrochloric  or  sulphuric  acid.     The  chloride  will  be  reduced,  anc 
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the  silver  may  now  be  detached  from  the  crucible  with  the  greatest 
ease. 

For  the  properties  of  the  precipitate  see  §  82.  The  method 
gives  very  exact  resalts,  at  all  events  in  the  absence  of  any  con- 
siderable quantities  of  those  salts  in  which  silver  chloride  is  some- 
what soluble ;  compare  §  82.  To  avoid  error  in  this  respect,  it  is 
well  to  test  the  clear  filtrate  with  hydrogen  sulphide. 

b.  In  the  Dry  Way. 

This  method  serves  more  exclusively  for  the  analysis  of  silver 
bromide  and  iodide,  although  it  can  be  applied  in  the  case  of  other 
componnda. 


The  process  is  condacted  in  the  apparatns  illustrated  by  fig. 
53,  leaving  ufl  the  U  tube  iS,  and  employing  a  straight  bulb- 
tnbe  or  a  plain  tube  with  porcelain  tray  instead  of  the  bent  tube  d. 

a  is  a  flask  for  disengaging  chlorine,  it  is  completely  filled  with 
pieces  of  pyrolnsite  (native  mangaTiese  dioxide)  of  the  size  of  hazel- 
nuts, and  half  filled  with  strong  hydrochloric  acid.  The  chlorine 
is  conducted  to  the  bottom  of  c,  whicli  contains  a  layer  of  sulphuric 
acid  and  is  filled  above  with  pumice-stone  moistened  with  strong 
sulphuric  acid.  The  flow  of  chlorine  may  be  regulated  by  the 
etop-cock,  while  any  excess  accidentally  produced  is  conducted  by  a 
second  tube  to  the  bottom  of  the  cylinder  &.  in  which  it  is  aI>sorbed 
by  a  soda  solution ;  <?  is  a  bulb-tube  intended  for  the  reception 
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of  the  BJlyer  iodide  or  bromide.  The  operation  is  comiiteQced 
by  introducing  the  compound  to  be  analyzed  into  the  ball,  and 
applying  heat  to  the  latter  until  its  contents  are  fused ;  when  cold, 
the  tube  is  weighed  and  connected  with  the  apparatus.  Chlorine 
gas  is  then  evolved  from  a ;  when  the  evolution  of  the  gas  has 
proceeded  for  some  time,  the  contents  of  the  bulb  are  heated  tu 
fusion,  and  kept  in  this  state  for  abont  fifteen  minntes,  agitating 
now  and  then  the  fused  ma£s.  The  bnlb-tube  is  then  removed 
from  the  apparatus,  allowed  to  cool,  and  held  in  a  slanting  positioD 
to  replace  the  chlorine  by  atmospheric  air ;  it  is  subeequentl; 
weighed,  tlien  again  connected  with  the  apparatus,  and  the  former 
process  repeated,  keeping  the  contents  of  <Z  in  a  state  of  fusion  for 
a  few  minutes.  By  means  of  a  light  glass  tube  attached  by  a  piece 
of  rubber  tube  to  the  end  of  d  the  chlorine  escaping  during  the 
operation  may  be  conducted  into  the  open  air  or  into  a  flue.  The 
operation  may,  in  ordinary  cases,  be  considered  concluded  if  the 
weight  of  the  tube  suffers  no  variation  by  the  repetition  of  the 
process.  If  the  highest  degree  of  accuracy  is  to  be  attained,  heat 
the  silver  chloride  again  to  fusion,  passing  at  the  same  time  a  slow 
stream  of  pure,  dry  carbon  dioxide  through  the  tube,  in  order  to 
drive  out  the  traces  of  chlorine  absorbed  by  the  fused  chloride. 
Allow  to  cool,  hold  obliquely  for  a  short  time,  so  as  to  replace  the 
carbon  dioxide  by  air,  and  finally  weigh.    See  §  82. 

2.  Determination  as  Silver  Sulphide. 
Hydrogen  sulphide  precipitates  silver  completely  from  add, 
neutral,  and  alkaline  solutions  ;  ammonium  sulphide  precipitates  it 
from  neutral  and  alkaline  solutions.  The  precipitate  does  not 
settle  clearly  and  rapidly  except  a  free  acid  or  salt  be  present  (sucli 
as  nitric  acid  or  an  alkali  nitrate).  Recently  prepared  perfectly 
clear  solution  of  hydrogen  sulphide  may  be  employed  to  precipitate 
small  quantities  of  silver ;  to  precipitate  larger  quantities,  the  boId- 
tion  of  the  salt  of  silver  (which  must  not  be  too  acid)  is  moderately 
diluted,  and  washed  hydrogen  sulphide  gas  conducted  into  it. 
After  complete  precipitation  has  been  effected,  and  the  silver  sul- 
phide has  perfectly  subsided  (with  exclusion  of  air),  it  is  collected 
on  a  weighed  filter,  washed,  dried  at  100°,  and  weighed.  For  the 
properties  of  the  precipitate,  see  §  82.  This  method,  if  property 
executed,  g^ves  accurate  resulte.  The  operator  must  take  care  to 
filter  quickly,  and  to  prevent  the  access  of  air  as  mnch  as  possible 
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daring  the  filtration,  since,  if  this  precantion  be  neglected,  Eiilphut 
is  likely  to  sepvate  from  t)ie  hydrogen  sulphide  water,  whicli,  of 
course,  would  add  falsely  to  the  weight  of  the  silver  BulpLide.  If 
the  presence  of  a  minute  quantity  of  sulphur  in  the  precipitate  is 
snspected,  treat  it  after  drying  with  pnre  carbon  disalphide  on  the 
iilter  repeatedly,  till  the  fluid  running  through  gives  no  residue  on 
uvaporation  in  a  watcli-glafis ;  dry  and  weigh. 

The  Bulphido  must,  however,  uever  be  weiglied  as  just  described, 
nnlees  the  analyst  is  satisfied  that  no  coneiderable  amount  of  sul- 
phur has  fallen  down  with  it,  as  would  occur  if  the  fluid  contained 
lijponitric  acid,  a  ferric  salt,  or  any  otlier  substance  which  decom- 
pofice  hydrogen  sulphide.  In  case  the  precipitate  does  contain 
much  admixed  sulphur,  the  simplest  process  is  to  convert  it  into 
metallic  silver  (H.  Rose*).  For  this  purpose  it  is  transferred  to  a 
weighed  porcelain  crucible,  the  filter  ash  is  added,  and  the  whole 
ie  heated  to  redness  in  a  stream  of  hydrogen,  the  apparatus 
described  in  §  108  being  employed.     Results  accurate. 

Should  the  apparatus  in  question  not  be  at  the  operator's  di^ 
posal,  he  may,  after  complete  washing  of  the  precipitate,  carefnlly 
rinse  it  into  a  porcelain  dish  (withont  injuring  the  weighed  filter), 
heat  it  once  or  twice  with  a  moderately  strong  solution  of  pure 
sodium  sulphite,  retransfer  the  precipitate  (now  freed  from  admlsed 
sulphur)  to  the  old  filter,  wash  well,  dry  and  weigh  (J.  LoWEf) ; 
or  he  may  treat  the  dried  precipitate,  together  with  the  filter-ash, 
with  moderately  dilute  chlorine-free  nitric  acid  at  a  gentle  heat, 
till  complete  decomposition  has  been  effected  (till  the  undissolved 
sulphur  has  a  clean  yellow  appearance),  filter,  wash  well,  and  pro- 
ceed according  to  I,  a.   - 

8.  Determ/ination  ae  Silver  Oyanide. 

Mix  the  neutral  solution  of  silver  with  potassium  cyanide,  until 
the  precipitate  of  silver  cyanide  which  forms  at  first  is  redissolved ; 
add  nitric  acid  in  alight  excess,  and  apply  a  gentle  heat.  If  the 
solution  contains  free  acid,  this  mnat  be  first  neutralized  with  pot- 
ash or  sodium  carbonate.  After  some  time,  collect  the  precipitated 
silver  cyanide  on  a  weighed  filter,  wash,  dry  at  100°,  and  weigh. 
For  the  properties  of  the  precipitate,  see  %  82.  The  results  are 
accural*. 


•  Pogg.  AnnaL  110, 189;  t  Jouni,  f.  prakt.  Chcm.  77,  78. 


by  Google 


288  DETEBMINATION.  [§  115. 

4.  Determindtlon  as  Metallic  Stiver, 

Silver  oxide,  silver  carbonate,  &o.,  are  easily  redaced  by  simplf 
ignition  in  a  porcelain  crucible.  In  tlie  reduction  o£  salts  o! 
organic  acids,  the  crucible  is  kept  covered  at  first,  and  a  moder 
ate  heat  applied ;  after  a  time  the  lid  is  removed,  and  the  beai 
increased,  until  the  whole  of  the  carbon  is  consumed.  For  tb< 
properties  of  the  residue,  see  §  82.  The  results  are  absolutely 
accnjrate,  except  as  regards  silver  salts  of  organic  acids;  in  tlit 
analysis  of  the  latter,  it  not  unfrequently  happens  that  the  redncec 
silver  contains  a  minuto  portion  of  carbon,  which  increases  th< 
weight  of  the  residue  to  a  trifling  extent. 

If  it  is  desired  to  transform  silver  chloride,  bromide,  or  sulphidi 
into  metallic  silver,  for  the  purpose  of  analysis,  they  are  heated  ii 
a  current  of  pure  liydrogen  to  redness,  till  the  weight  remain 
constant.  The  process  may  be  conducted  in  a  porcelain  crucibli 
or  a  bnlb-tube.  In  the  former  case,  the  apparatus  described  p.  251 
§  108,  is  used;  in  the  latter  the  apparatus  represented  p.  385,  with  tbi 
substitution,  of  course,  of  hydrogen  for  chlorine.  If  the  bul^tub 
is  used,  it  must,  after  cooling  and  before  being  weighed,  be  held  ii 
an  inclined  position,  so  that  the  hydrogen  may  be  replaced  by  ait 
The  results  are  perfectly  accurate.  Silver  iodide  cannot  be  reduce" 
in  this  way. 

5.  VoluTnetrie  Methods. 
I.  Gay-Lussac's. 

This,  the  most  exact  of  all  known  volumetric  processes,  wa 
introduced  by  QAY-LrssAC  as  a  substitute  for  the  assay  of  silver  V 
cupellation,  was  thoroughly  investigated  by  him,  and  will  be  foum 
fully  described  in  his  work  on  the  subject.  This  method  has  beei 
rendered  still  more  precise  by  the  researches  of  G,  J.  Mcldeb,  ti 
whose  exhaustive  monograph*  I  refer  the  special  student  of  tht 
branch.  I  shall  here  confine  myself  to  giving  the  process  so  fa 
as  to  suit  the  requirements  of  the  chemical  laboratory,  taking  on! 
for  granted  that  the  analyst  has  the  ordinary  measuring  apparatui 
&c.,  at  his  disposal.  Mulder's  results  will  be  made  use  of  to  th 
full  extent  possible  under  these  circumstances. 

a.  REQuisrrEs. 

a.  SoLonoN   OF   SODIUM   cHLOBroE.       Take    chemically  pur 

*  Die  Silberprobirmethode  (see  aaU  p.  167). 
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eodium  cliloride— either  artificially  prepared  or  pare  roek-ealt — 
powder  it  roaghly  and  ignite  moderately  (not  to  fosion*).  Now 
diesolve  5*4202  grm.  in  distilled  water  to  1  litre,  meaaared  at  16°. 
100  cc.  of  this  solution  contains  a  quantity  of  sodium  chloride 
equivalent  to  1  grm.  of  silver.  The  solution  is  kept  in  a  stoppered 
bottle  and  shaken  before  use. 

A  Decdi&l  solution  of  sodidm  chlobtob.  Transfer  60  cc. 
of  the  solution  described  in  a  to  a  500  co.  measuring  flask, 
fill  up  to  the  mark  with  distilled  water  and  shake.  Each  c.c. 
of  this  decimal  solution  corresponds  to  '001  grm.  silver.  The 
measuring  must  be  performed  at  16°.  The  solution  is  kept  as  the 
other. 

y.  DEonux  siLYEB  SOLUTION.  Dlsaolve  '5  grm.  chemically 
pure  silver  f  in  2  to  3  cc.  pure  nitric  acid  of  1'2  sp.  gr.,  and  dilute 
the  solution  with  water  exactly  to  500  c.c.  measured  at  16°.  Each 
cc.  contains  -001  grm.  silver.  The  solution  is  kept  in  &  stoppered 
bottle  and  protected  against  the  influence  of  light. 

S.  TEST-BorrLEB.  Tliese  should  be  of  colorless  glass,  holding 
easily  200  cc,  closed  with  well-ground  glass-stoppers,  running  to 
a  point  below.  The  bottles  fit  into  cases  blackened  on  the  inside, 
and  reaching  np  to  their  necks.  In  order  to  protect  the  latter  also 
from  the  action  of  light,  a  black-doth  cover  is  employed. 

J.  PaiNcrPLB. 

Suppose  we  know  the  value  of  a  solution  of  sodium  chloride, 
i.e.,  the  quantity  that  is  neceesary  to  precipitate  a  given  amount  of 
silver,  say  1  grm.,  we  fre  in  the  position,  with  the  aid  of  this  soln- 

*  On  fuBioD,  if  the  fl&me  can  In  the  least  way  act  upon  it,  it  takes  an  alkaline 
reaction,  vintx  under  the  influence  of  vapor  of  water  and  carbon  dioxide,  a  little 
hydrochloric  acid  is  formed  and  escapes,  while  a  corresponding  quantity  of 
•odium  carbonate  remains. 

f  For  the  preparatioQ  of  pure  silver  Stab  recommends  the  following  method: 
Take  crude  silver  nitrate  containing  copper,  fuse  in  order  to  decompose  any 
platinum  nitrate  which  may  be  present,  dissolve  in  dilute  ammonia,  allow  to 
stand  48  hours,  filter  and  dilute  till  the  fluid  does  not  contain  more  liian  2  per 
cent,  silver.  Add  ammonium  sulphite  in  excess.  To  ascertain  how  much  mil- 
ptaitewill  iterequlredmakcasmall  preliminary  test;  as  sooo  as  after  heating  the 
blue  oolutiOD  loses  all  color,  you  may  be  sure  that  enough  of  the  sulphide  has 
been  added.  Wann  on  a  water-bath  to  SO"  or  70°,  when  all  the  silver  will  be 
thrown  down  as  a  metallic  powder,  allow  to  cool  and  wash  by  decantalion  with ' 
diluted  ammonia  till  the  washing*  are  free  from  copper  and  sulphuric  acid.  Now 
digest  the  metai  for  several  days  with  strong  ammonia,  wasli,  dix,  and.fuaewith. 
a  flux  of  I>oraz  and  sodium  nitrate. 


by  Google 


290  PETEBMISATION.  [g  115, 

tion,  to  determine  an  unknown  amount  of  silver,  for  if  we  put  a 
for  the  unknown  amount  of  silver,  then 

c.c.  of  solution  need  for  1  grm.  :  c.c  used  for  x::l  gnu. :  x. 

But  if  we  examine  whether  1  mol,  sodium  chloride  dissolved  ii 
water  actually  precipitates  1  at.  of  silver  dissolved  in  nitric  aci( 
exactly,  we  find  that  this  is  not  the  case.*  On  the  contrary,  tlii 
clear  supernatant  fluid  gives  a  small  precipitate  both  on  the  additioi 
of  a  little  solution  of  sodium  chloride,  and  on  the  addition  of  t 
little  silver  solution,  as  Holder  has  most  accurately  determined 
The  value  of  a  solution  of  sodium  chloride  in  the  sense  explains 
above  cannot,  therefore,  be  reckoned  from  the  amouut  of  salt  i 
contains,  by  calculating  1  at.  silver  for  1  mol.  sodium  chloride,  bu 
it  can  only  be  obtained  by  experiment.  Muldeb  has  shown  tha 
the  temperature  and  the  degree  of  dilution  have  some  influence 
and  also  that  this  fact  is  to  be  explained  on  the  ground  of  the  boI 
vent  power  of  the  sodium  nitrate  produced  on  the  silver  chloride 
In  the  solution  thus  formed  wo  have  to  imagine  NaNO,  and  N^aC 
with  AgNO,  in  a  certain  state  of  equilibrimn,  which  on  the  additioi 
of  either  NaCl  or  AgNO,  is  destroyed,  silver  chloride  being  pre 
cipitat«d. 

From  this  interesting  observation  it  follows,  that  if  to  a  silver 
solution  we  add  at  first  concentrated  solution  of  sodium  chloride 
then  decimal  solution  drop  by  drop,  till  the  exact  point  is  reach« 
when  no  more  precipitate  appears,  now,  on  addition  of  dedma 
silver-solution,  a  email  precipitate  will  be  again  produced;  and  i 
we  add  the  latter  drop  by  drop,  till  the  last  drop  occasions  no  tui 
bidity,  then  again  decimal  solution  of  sodium  chloride  will  give  i 
small  precipitate.  On  noticing  the  number  of  drops  of  both  deci 
mal  solutions  which  are  required  to  pass  from  one  limit  to  thi 
other,  we  find  that  the  same  number  of  each  are  used.  Let  a 
suppose  that  we  had  added  decimal  solution  of  sodium  chloride  til 
it  ceased  to  react,  and  bad  then  used  20  dropsf  of  decimal  siivei 
solntion,  till  this  ceased  to  produce  a  further  turbidity,  we  mns 
now  again  add  20  drops  of  decimal  solntion  of  sodium  chloride,  ii 

*  If  sodium  bromide  or  potassium  bromtde  la  uaed.  complete  preci[nUtioi 
would BDBue  on  addition  of  an  equivalent  quontiljof  silver  solution,  dnce  brt 
mtde  of  silver.is  not  at  all  soluble  ia  the  superostant  fluid  (Stab,  CompL  lend 
.67.1107). 

t  Twenty  drops  from  Mulder's  dropping  apparatu  are  equal  to  1  c,c 
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order  to  reach  the  point  at  which  this  ceases  to  react.  Were  we  to 
add  only  10  instead  of  these  20  drops,  we  have  the  neutral  point, 
as  Mulder  calls  it,  i.e.,  the  point  at  which  both  silver  and  Bodinm 
chloride  produce  eqnal  precipitates. 

We  have,  therefore,  S  different  points  to  chooee  from  for  onr 
final  reaction:  a,  the  point  at  which  sodium  chloride  has  just 
ceased  to  precipitate  the  Bilver;  h,  the  neutral  point;  o,  the  point 
at  which  silver-solntion  has  jnst  ceased  to  precipitate  sodinm^ 
chloride.  Whichever  we  may  choose,  we  mnst  keep  to  it,  t.e.,  we 
must  not  nse  a  different  point  in  standardizing  the  sodium  chloride 
Eolution  and  in  performing  an  analysis.  The  difference  obtained, 
by  using  first  a  and  then  h  is,  accoi-ding  to  Muldke,  for  1  grm. 
silver^  at  16°,  about  '5  mgrm.  silver;  by  employing  first  a  and 
then  c,  as  was  permitted  in  the  original  process  of  Gat-Lubsac,  tlie 
difference  is  increased  to  1  mgrm. 

For  onr  object,  it  appears  most  convenient  to  consider,  once  for 
all,  the  point  a  aa  the  end,  and  never  to  finish  with  the  silver- 
solution.  If  the  point  lias  been  overstepped  by  the  addition  of  too 
large  an  amount  of  decimal  solution  of  sodium  chloride,  2  or  3 
c.c,  of  decimal  silver-solution  should  be  added  all  at  once.  The 
end-point  is  then  found  by  carefully  adding  decimal  solution  of 
podinm  chloride  again,  and  the  quantity  of  silver  in  the  silver-soln- 
tion added  is  added  to  the  original  amount  of  silver  weighed  off. 

c.  Perforhance  of  the  Process. 

Tills  is  divided  into  two  operations — a,  the  titration  of  the 
sodinm  chloride  solution ;  /3,  the  assay  of  the  silver  alloy  to  be 
examined. 

a,  TrrKATioN  of  tdk  Sodium  Chloride  Solution. 

Weigh  off  exactly  from  I'OOl  to  I'OOS  grm.  chemically  pure 
Bilver,*  put  it  into  a  test-bottle,  add  5  c.c.  perfectly  pure  nitric 
acid,  of  12  sp.  gr.,  and  heat  the  bottle  in  an  inclined  position  in  a 
water-  or  sand-Wh  till  complete  solution  is  effected.  Now  blow 
ont  the  nitrous  fumes  from  the  upper  part  of  the  bottle,  and  after 
it  has  cooled  a  little,  place  it  in  a  stream  of  water,  the  temperature 
of  which  is  about  16°,  and  let  it  remain  there  till  its  contents  are 
cooled  to  this  degree,  wipe  it  dry,  and  place  it  in  its  case. 

Now  fill  the  100  e.c.  pipette  with  the  concentrated  solution  of 
sodinm  chloride,  which  is  then  allowed  to  flow  into  the  test-bottle 

■  See  note,  p.  289. 
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containing  the  eilver-flolution*.  Insert  tlie  glass-etopper  firmly 
(after  moistening  it  with  water),  cover  the  neck  of  the  bottle  with 
the  cap  of  black  stuff  belonging  to  it,  and  ebake  Tiolentl;  without 
delay,  till  the  silver  chloride  settles,  leaving  the  fioid  perfectly 
clear.  Then  take  the  stopper  OQt,  rub  it  on  the  neck,  eo  u  to 
remove  all  silver  chloride,  replace  it  firmly,  and  by  giving  th« 
Iwttle  a  few  dexterous  tnms,  riase  the  chloride  down  from  the 
npper  part.  After  allowing  to  rest  a  httle,  again  remove  the 
Htopper,  and  add,  from  a  burette  divided  into  ^  cc,  decima] 
sodium  chloride  solution,  allowing  the  drops  to  fall  against  th« 
lower  part  of  the  neck,  the  bottle  being  held  in  an  inclined 
position.  If,  as  above  directed,  1-001  to  1'003  grm.  silver  have 
been  employed,  the  portions  of  sodiam  chloride  eolntion  at  first 
added  may  be  J  c.c.  After  each  addition,  raise  the  bottle  a  little 
out  of  its  case,  observe  the  amonnt  of  precipitate  produced,  shake 
till  the  fluid  has  become  clear  again,  and  proceed  as  above,  before 
adding  each  fresh  quantity  of  sodiam  chloride  solution.  The 
smaller  the  precipitate  produced,  the  smaller  should  be  the  qnui- 
tity  of  BodiDm  chloride  next  added ;  towards  the  end  only  two 
drops  should  be  added  each  time ;  and  qnit«  at  the  end  read  o^ 
the  height  of  the  Snid  in  the  burette  before  each  further  addition. 
When  the  last  two  drops  give  no  more  precipitate,  the  previoua 
reading  is  the  correct  one. 

If  by  chance  the  point  has  been  overstepped,  and  the  time  lias 
been  missed  for  the  proper  reading  off  of  the  burette,  add  2  to  3 
C.C.  of  the  decimal  silver  solution  (the  silver  in  which  is  to  be 
added  to  tlie  quantity  first  weighed),  and  try  again  to  hit  the  point 
exactly  by  careful  addition  of  decimal  sodium  chloride  solution. 

The  value  of  the  sodium  chloride  solution  is  now  known. 
Itcckon  it  to  1  grm.  silver. 

■  Suppose  we  had  used  for  1-002  giin.  silver,  100  c.c.  of  concen 
trated  and  3  c.c.  of  decimal  sodium  chloride  solution  ;  this  mskea 
altogether  100-3  of  concentrated  ;  then 

1-003:  1-000::  100-3:  a) 

X  =  100-0998 

We  may  without  scruple  put   lOO'l  for  this  number.     We  now 

'The  pipette,  luivlDg  been  filled  above  tbe  mark,  should  be  fixed  Ida  support 
hcfore  the  eiceM  is  ftllowed  lorunout,  otherwi«e  the  mea^uiiiigswill  not  twraS- 
cicnttj  accurate. 


by  .Google 


§  116.]  SILVEB.  888 

kDOW  tLat  100-1  C.C.  of  the  eonoentrated  eolation  of  sodinm 
chloride,  measured  at  16°,  exactly  precipitates  1  grm.  of  silver. 
Tills  relationship  servee  as  the  foundation  of  the  calculation  in 
actnal  assaying,  and  must  be  i-e-examined  whenever  there  is  reason 
to  imagine  that  the  strength  of  the  sodium  chloride  solution  may 
have  altered. 

(i.  The  actual  assay  of  thk  Silvkb-Allot. 

Weigh  off  80  much  as  contains  about  1  grm.  of  silver,  or  better, 
a  few  mgrm.  more  ;*  dissolve  in  a  teet-bottle  in  5  to  7  cc.  nitric 
aeid,  and  proceed  in  all  respects  exactly  as  in  a. 

Suppose  we  had  taken  1-116  grm.  of  the  alloy,  and  in  addition 
to  the  100  cc.  of  concentrated  sodiam  chloride  solution,  had  used 
5  cc  of  the  dilute  {=  '5  concentrated),  how  mnch  silver  would 
the  alloy  contain ! 

Presuming  that  we  use  the  same  sodium  chloride  solution 
which  served  as  our  example  in  c,  lOO'l  cc.  of  which  =  1  grm. 
silver,  then 

100-1:  100-5::  1-000:  SB 

a  =  1-003996  (say  (1-004). 

We  may  also  arrive  at  the  same  result  iu  the  following  manner : — 

NftCI  Solution. 
For  the  precipitation  of  the  diver  in  the  alloy 

were  used 100-5  cc 

For  1  grm,  rilver  are  necessary 100*1  cc 

Difference -4  cc 

Tliere  are,  therefore,  4  mgrm.  of  silver  present  more  than  a  grm., 
on  the  presumption  that  '1  of  the  concentrated  sodium  chloride 
solution  (=  1  cc  of  t)ie  decimal  solution)  corresponds  to  1  mgrm. 


*  In  coins  coDtaining  S  ptirts  of  eilver  and  1  part  of  copper.  Uicrefore  take 
aboat  1-115  or  I'lSO.  In  weighing  off  alloys  of  silver  and  copper,  nhich  do  not 
correspond  to  the  formula  AgiCui  (standard  ^fflV .)  =  we  must  remember  that 
tbey  are  never  homogeneous  In  the  moSB  ;  thus,  tor  instance,  the  pieces  of  metal, 
from  wliich  coins  are  stamped,  often  show  I-S  to  17  in  a  thousand  more  silver  in 
the  middle  than  at  ttte  edges.  In  assaying  alloys,  then,  portions  from  varioos 
parts  of  the  mass  must  be  taken,  iooTdertoget  a  correct  result  The  inaccuracy, 
however,  proceeding  irom  the  cause  above-mentioned,  can  only  be  completely 
overcome  by  fusing  the  alloy  and  taking  out  a  portion  from  the  wcU-sLined  mass 
for  the  away. 
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eilver.  This  stippoeitioii,  altliough  not  abBolutely  correct,  mav  Uc 
safely  made,  for  the  inezactnese  it  iDvolves  is  too  minute,  ae  m 
evideot  from  the  pre v ion b  calculation. 

Before  we  can  execute  tlite  proceea  exactly,  we  must  know  the 
quantity  of  eilver  the  alloy  contains  very  approximately.  In 
assaying  coins  of  known  value  this  is  the  case,  but  with  other  silver 
alloys  it  is  nsually  not  so.  Under  the  latter  circumstances  &n 
approximate  estimation  must  precede  the  regular  assay.  This  ii 
performed  by  weighing  ofE  j  grm.  (or  in  the  case  of  alloys  that  are 
poor  in  silver,  1  grm.),  dissolving  in  3  to  6  c.c.  nitric  acid,  and 
adding  from  the  burette  sodium  chloride  solution,— first  in  lai^r, 
then  in  smaller  quantities — till  the  last  drops  produce  no  forthei 
turbidity.  The  last  drops  are  not  reckoned  with  the  rest.  Tlie 
operation  is  conducted,  as  regards  shaking,  &c.,  as  previouBl; 
given.  Suppose  we  had  weighed  off  '5  grm.  of  the  alloy,  and 
employed  25  cc.  of  the  sodium  chloride  solution — taking  the 
above  supposed  value  of  the  latter — 

We  have  100-1  :  25  ::  1-000  :  « 


that  is,  the  silver  in  -5  grm.  of  tlie  alloy ;  and  as  to  the  quantity  oi 
alloy  we  have  to  weigh  off  for  the  assay  proper, 

We  have  -2497  :  1-003  :: -5  :  x 

X  =  2-008. 

This  quantity  will,  of  course,  require  more  nitric  acid  for  solution 
than  was  previously  used  (use  10  cc).  In  cases  where  the  highest 
degree  of  accuracy  is  not  required,  the  results  afforded  by  thii 
rough  preliminary  estimation  will  be  accurate  enough,  if  the 
experiment  is  carefully  conducted,  since  they  give  the  quantity  ol 
silver  present  trt  within  ^,1^^  or  j^. 

With  alloys  which  contain  sulphur,  and  with  such  as  cousbt  ol 
gold  and  silver,  and  contain  a  little  tin,  Levol*  employs  concen 
trated  sulplmric  acid  (about  25  grm.)  as  solvent.  The  portion  ol 
the  alloy  is  boiled  with  it  till  dissolved ;  after  cooling,  tlie  fluid  v 
treated  in  the  usual  manner.  As,  however,  concentrated  sulpliaric 
acid  fails  to  dissolve  all  the  silver  when  there  is  much  coppei 
present,  JfASCAZzmif  digests  the  weighed  portion  of  alloy  (whici: 

•  AnDal.  de  Chlm.  et  de  Phys.  (3)  44.  M7.      t  Chem.  Ceotnilbl.  1867,  300. 
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maj  contain  email  quantities  of  lead,  tin,  and  antimony,  Ijesidea 
gold)  first  with  the  least  poeeible  amount  of  nitric  acid,  as  long  as 
red  vapors  are  formed ;  he  then  adds  concentrated  Bulpharic  acid, 
boils  till  the  gold  has  settled  well  together,  adds  water  aftoi' 
cooling,  and  then  titrates.  In  the  presence  of  mercury,  the 
chloride  of  that  metal  is  carried  down  with  the  silver,  reuderin;^ 
the  method  inaccurate.  If  the  quantity  of  mercniy  is  but  smali, 
yon  may  get  over  the  difiSculty  by  adding  25  c.c  ammonia  and 
20  C.C  acetic  acid  (Letol).  The  ammonium  acetate  acts  by 
decomposing  the  mercuric  chloride,  and  thus  preventing  its 
precipitation  (Debray*).  If  the  quantity  of  mercury  is  lai^  the 
addition  of  an  alkali  acetate  is  not  efiectivo,  and  Debbay  recom- 
mends to  drive  off  the  mercury  by  igniting  for  four  houi-s  in  a 
small  crucible  of  gas  carbon  in  a  mufBe.  The  presence  of  other 
volatile  metals,  such  as  zinc,  does  not  interfere  with  this  oper- 
ation. 

II.    PiBAHI'b   METHOct 

This  process  depends  on  the  following  reaction :  a  solution  ot 
iodide  of  starch  added  to  a  very  dilute  neutral  solution  of  silver 
nitrate,  forms  silver  iodide  and  silver  hypoiodite.  The  blue  color 
consequently  vanishes,  and  on  continued  addition  of  the  iodide  of 
starch,  the  Quid  does  not  become  permanently  blue  till  all  the  sil- 
ver nitrate  present  is  decomposed  in  the  above  manner.  The 
iodide  of  starch  solution  used  is  therefore  proportional  to  tlie  qaan- 
tity  of  silver  nitrate.  Hence,  if  the  value  of  the  iodide  of  starch 
solution  be  determined,  by  allowing  it  to  act  on  a  certain  amount 
of  silver  solution  of  known  strength,  we  shall  be  able  to  estimatu 
^  unknown  quantities  of  silver  with  the  great<at  ease,  provided  that 
the  silver  solution  is  free  from  all  other  substances  which  exert  a 
decomposing  action  on  the  iodide  of  starch.  Besides  the  ordinary 
reducing  agents,  the  following  salts  must  be  especially  mentioned 
as  possessing  this  power :  merourous  and  mercuric  salts,  stannoui 
salts,  manganona,  ferrous,  and  antimonions  salts,  also  anric  chloride 
and  arseuites ;  lead  and  copper  salts,  on  the  other  hand,  do  not 
affect  iodide  of  starch. 

The  iodide  of  starch  is  prepared  as  follows :  make  an  intimate 

■  Compt  rend.  70,  849.  ^JLamd.  d  Via.  10,  8S. 
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mixture  in  a  luoi-tar  of  3  j^nn.  iodine  and  15  grm,  starch  with  tlic 
addition  of  (i  to  ti  drops  of  water,  und  heat  tlie  slightly-moist  mix- 
ture in  a  closed  flask  in  a  water-bath,  till  the  original  violet-blno 
color  has  passed  into  dark  grayish-blue — it  takes  al>out  an  hour. 
The  iodide  of  starch  thus  prepared  is  then  digested  with  water;  it 
dissolves  completely  to  a  deep  bluish-black  Suid. 

The  value  Qf  this  fluid  is  determined  by  allowing  it  to  act  on 
10  c.c.  of  a  neutral  solution  of  silver  nitrate,  containing  1  grm.  of 
pure  silver  in  1  litre — the  silver  solution  ie  mixed  with  a  little 
pure  precipitated  calcium  carbonate  before  adding  the  iodide  of 
starch.  The  strength  of  this  latter  is  right,  if  50  to  60  c.c  are 
used  in  this  experiment.  On  adding  it,  at  first  the  blue  color  dis- 
appears rapidly,  and  the  fluid  becomes  yellowish  from  the  silver 
iodide.  The  end  of  the  operation  is  attained  as  soon  as  the  fluid  in 
bluish-green.  The  point  is  pretty  eaey  to  hit,  and  an  error  of  '5 
c.c  is  of  no  importance,  as  it  only  corresponds  to  about  *0001  gmi. 
silver.  The  calcium  carbonate,  besides  neutralizing  the  free  acid, 
has  the  effect  of  rendering  the  final  change  of  the  color  more  dis- 
tinctly observable.  To  analyze  an  alloy  of  silver  and  copper,  dis- 
solve about  '5  grm.  in  nitric  acid,  dilute  to  100  cc.  to  lower  the 
color  of  the  copper,  saturate  5  c.c.  with  calcium  carbonate,  and  add 
iodide  of  starch  till  the  coloration  appears.  Or  you  may  deter- 
mine very  approximately  the  amount  of  silver  in  2  cc.  of  the  sola- 
tion,  then  precipitate  the  greater  part  (about  99^)  of  the  silver 
from  50  c.c  of  the  solution  with  standard  solution  of  potassium 
iodide,  and  without  filtering  estimate  tlie  remainder  of  the  silver 
by  means  of  iodide  of  starch.  If  the  amount  of  silver  to  be  deter- 
mined is  more  than  '020  grm.,  it  is  always  better  to  employ  the 
latter  method.  In  the  case  of  a  nitric  acid  solution  containing  sil- 
ver with  lead,  the  latter  metal  is  firet  precipitated  with  sulphuric 
acid  and  filtered  off,  calcium  carbonate  is  added  to  the  filtrate  till 
all  free  acid  is  neutralized,  the  fluid  is  filtered  again  (if  necesaaiy), 
and  lastly,  more  calcium  carbonate  is  added,  and  then  the  iodide  of 
starch.  Very  dilute  solntions  must  be  concentrated,  so  that  one  may 
have  no  more  than  from  50  to  100  c.e.  to  deal  with.  The  method  is 
wortliy  of  notice  and  specially  suited  for  the  estimation  of  small 
quantities  of  silver.  "With  such  it  has  afforded  me  perfectly  satis- 
factory results.  Instead  of  the  standard  iodide  of  starch,  a  dilute 
standard  solution  of  iodine  in  potassium  iodide  may  be  equally  well 
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employed — ^with  addition  of  etareh  sclntion  (Field*).  If  this  is 
used  you  must  bear  in  mind  that  any  Bubstance  which  decompoeeB 
potaseium  iodide  with  separation  of  iodine  wiJl  interfere. 

m.  Method  dependino  on  the  achon  of  eiLVEB  hiteatb  on 

SODIUM   OBLOfilDE  IN  THE  PBESENCE  OF  POTASSIUH   CHBOMATK. 

This  is  the  reverse  of  the  method  for  the  eetiniation  of  chlorine 
§  141   i,  a,  and  will  be  described  in  that  place. 

§116- 

2.  Lead. 
a.  Solatium. 

Few  of  the  lead  salts  are  soluble  in  water.  Uetallic  lead,  lead 
oxide,  and  most  of  the  lead  salts  that  are  insoluble  in  water  dissolve 
in  dilute  nitric  acid.  Concentrated  nitric  acid  effects  neither  com- 
plete deeompoeition  nor  complete  solution,  since,  owing  to  the 
insolubility  of  lead  nitrate  in  concentrated  nitric  acid,  the  first  por- 
tions of  nitrate  formed  protect  the  yet  uiidecomposed  parts  of  the 
salt  from  the  action  of  the  acid.  For  the  solnbility  of  lead  chloride 
and  sulphate,  see  §  83.  As  we  shall  see  below,  the  analysis  of 
these  compounds  may  be  effected  without  dissolving  them,  lead 
iodide  dissolves  readily  in  moderately  dilute  nitric  acid  upon  appli- 
cation of  heat,  with  separation  of  iodine.  Solution  of  potassa  is 
the  only  menstruum  in  which  lead  cbromate  dissolves  without 
decomposition. 

6.  Detemdnation, 

Lead  may  be  determined  as  omde,  eiUphaie,  ohr<»naie,  or  tnd- 
phide  /  also  by  volumetric  analysis. 

We  may  convert  into 

1.  Lead  Ozidb: 

a.  By  Preci^dtation. 

All  lead  salts  soluble  in  water,  and  those  of  its  salts  which. 
Insoluble  in  that  menstruum,  dissolve  in  nitric  acid,  with  separa- 
tion of  their  acdd. 

h.  By  Igniiwn. 

a.  Lead  salte  of  readily  volatile  or  decomposable  inorganic  acids. 

/?.  Lead  salts  of  or^nic  acids. 

*  Cbem.  News,  9,  17. 
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2.  Lead  Sdlphidb: 

All  lead  salts  in  solutioQ. 

3.  Lead  Sulfe&te; 
a.  By  PrecvpitaMon. 

The  Baits  that  are  iusolnble  in  water,  bat  soluble  in  nitric  aod 
vhose  acid  cannot  be  separated  from  tlie  solution. 
h.  By  EvapOTcUion. 

a.  All  the  oxides  of  lead,  and  also  the  lead  salts  of  voktileaddc 
/?.  Many  of  the  organic  compoimds  of  lead. 

4.  Lead  Chbouate: 

The  compounds  of  lead  soluble  in  water  or  nitric  acid. 

The  application  of  these  several  methods  must  not  be  under 
tood  to  be  rigorously  confined  to  the  compounds  speciallj  enu 
aerated  under  their  respective  heads ;  thus,  for  instance,  all  tli< 
ompounds  enumerated  sab  1,  may  likewise  be  determined  as  leai 
ulphate ;  and,  as  above  mentioned,  all  soluble  compounds  of  leai 
oay  be  converted  into  lead  sulphide ;  also,  in  lead  snlpliate  the  leai 
Qay  be  without  difficulty  determined  as  sulphide.  Lead  chloridf 
iromide,  and  iodide  are  most  conveniently  reduced  to  the  metalii' 
tate  in  a  current  of  hydrogen  gaa,  in  the  manner  described  g  11 
Reduction  of  silver  chloride),  if  it  is  not  deemed  preferable  to  dif 
olve  them  in  water,  or  to  decompose  them  by  a  boiling  solutioii  o 
odium  carbonate.  If  the  reduction  method  is  resorted  to,  thi 
leat  applied  should  not  be  too  intense,  since  this  might  cause  Eoni' 
ead  chloride  to  volatilize. 

The  higher  oxides  of  lead  are  reduced  by  ignition  to  the  stati 
if  lead  monoxide,  and  may  thus  be  readily  analyzed  and  dissolved 
ihould  the  operator  wish  to  avoid  having  recourse  to  ignition,  tb 
nost  simple  mode  of  dissolving  the  higher  oxides  of  lead  is  toar 
tpon  them  with  dilute  nitric  acid,  with  the  addition  of  alcohol 
Tor  the  methods  of  analyzing  lead  sulphate,  chromate,  iodide,  aci 
nomide,  I  refer  to  the  paragraphs  treating  of  the  correspondinj 
.cids,  in  the  second  part  of  this  section.  To  effect  the  estimatioi 
>f  lead  in  the  oxide  and  in  many  lead  salts,  especially  also  in  th' 
ulphate,  the  compound  under  examination  may  be  fused  witi 
Kitassinm  cyanide,  and  the  metallic  lead  obtained  well  washed,  am 
vcighed.     From  the  sulphide  also  the  greater  portion  of  the  Ic* 
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may   be    separated   hy   thia  method,   but  never  the   whole   (H. 

ROBB*). 

1.  DetffrrmnaHon  as  Oxide, 
a.  Sy  I^retnpitation. 

Mix  the  moderately  dilnte  solution  with  anunoninm  carbonatef 
slightly  in  exceee,  add  some  caustic  ammonia,  apply  a  gentle  heat, 
allow  to  cool  and  filter  through  a  small  thin  filter.  Waah  with 
pure  water,  dry,  and  transfer  the  precipitate  to  a  watch^IaBS, 
removing  it  as  completely  as  possible  from  the  filter ;  bum  the 
latter  in  a  weighed  porcelain  crucible.  After  the  crucible  is  cold, 
moisten  the  ash  with  nitric  acid,  allow  it  to  evaporate,  ignite  gently, 
allow  to  cool,  add  the  precipitate  and  ignite  gently  till  all  the  car- 
bonic acid  is  driven  o£E.  For  the  properties  of  the  precipitate  and 
residne,  see  §  83.  The  results  are  very  satisfactory,  although  gen- 
erally a  trifie  too  low,  owing  to  lead  carbonate  not  being  absolutely 
insoloble,  particularly  in  fluids  i-ich  in  ammonium  salts  (Expt  No. 
4T,ft). 

S.  £y  I^miion. 

Compounds  like  lead  carbonate  or  nitrate  are  cautiously  ignited 
in  a  porcelain  cmcible,  ontil  the  weight  remains  constant.  In  case 
of  lead  salts  of  organic  acids,  the  substance  is  very  gently  heated 
in  a  small  covered  porcelain  crucible,  which  is  included  within  a 
large  one,  also  "covered,  until  the  organic  matter  is  completely 
carbonized  ;  the  lids  are  then  removed,  when  the  mass  begins  to 
ignite,  and  a  mixture  of  lead  oxide  with  metallic  lead  results, 
wliich  may  still  contain  unconsumed  carbon.  A  few  pieces  of 
recently  fused  ammouium  nitrate  are  now  thrown  into  the  inner 
cnicible,  which  has  previously  been  removed  from  the  flame,  and 
botli  are  again  covered.  The  salt  fuses,  oxidizes  the  lead,  and 
converts  it  partly  into  nitrate.  The  whole  is  now  very  gradually 
raised  to  a  red  heat,  until  no  more  fumes  of  hyponitric  acid  escape. 
The  residuary  oxide  is  then  weighed. 

The  results  are  satisfactory. 

2.  Determination  as  Sulphide. 

Lead  may  be  completely  precipitated  from  acid,  neutral  and 

•  Fogg.  Annal.  Bl.  144 

f  AmmoDium  oXAlate.  whtch  has  been  bo  highly  recommended  aa  a  prectpl- 
t«Dt  for  lead,  is  not  so  delicate  as  tho  carbonate.  Hy  experience  In  this  respect 
coincides  vith  t.  Mohr's  (Expt  No.  48). 
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alkaline  Bolations  b;  hj'drogen  Bolpliide,  and  also  from  nentral  i 
alkaline  solutions  by  ammoniura  snlpliitle.  Precipitation  fr 
iicjd  Bolution  is  usually  employed,  especially  in  separattoDS. 
large  excess  of  acid  and  also  warming  should  both  be  svoid 
The  former  is  prejudicial  to  complete  precipitation  (§  63,/), 
latter  may  readily  occaeion  the  re-solution  of  the  sulphide  that 
already  been  precipitated.  In  order  to  guard  against  incompl 
precipitation,  before  filtering,  test  a  jrortion  of  the  eupernat 
fluid  by  mixing  with  a  relatively  large  quantity  of  strong  bydro| 
sulphide  wat«r. 

If  the  fluid  contained  no  hydrochloric  acid  or  metallic  chlori 
the  lead  Eulphide  is  pure.  After  it  has  been  filtered  off,  wasl 
with  cold  water  and  dried,  it  is  transferred,  together  with  i 
fllter-aeh,  to  a  porcelain  crucible,  a  little  sulphur  added,  and  igni 
in  hydrogen  at  gentle  redness  till  its  weight  is  constant.  It  sho 
always  be  allowed  to  cool  in  a  current  of  the  gas,  before  be: 
weighed.  As  regards  the  apparatus,  see  g  108,  2,  fig.  50.  For 
properties  of  the  residue,  see  §  83, y;  The  results  are  satisfacti 
(H.  Rose).  The  heat  of  tiie  ignition  inuat  not  be  too  low,  or 
residue  will  contain  too  much  sulphur,  nor  too  high,  or  the  li 
sulphide  will  begin  to  volatilize,  and  lead  disulphide  will  also 
formed  with  loss  of  hydrogen  sulphide.  Drying  the  precipit 
at  100°  cannot  he  recommended  {§  83,/).  If  the  fluid,  on  i 
contrary,  contained  hydrochloric  acid  or  a  metallic  chloride,  i 
lead  sulphide  contains  chloride  which  cannot  be  removed  even 
boiling  the  precipitate  with  ammonium  sulphide.  If  the  pred 
tate  were  treated  as  alMjve,  we  should  obtain  a  tolerably  pi 
sulphide,  bnt  not  without  loss  from  volatilization  of  chloride, 
precipitate  of  this  kind  must  therefore  be  decomposed  with  Btrb 
hydrochloric  acid,  the  solution  evaporated  to  dryness,  the  resic 
dissolved  by  heating  with  a  concentrated  solution  of  sodii 
acetate,  and  this  solution  diluted  and  poured  with  stirring  ii 
excess  of  strong  hydrogen  sulphide  water.  Or  the  lead  chJor 
obtained  may  be  evaporated,  heated  to  200°,  and  weighed  as  ec 

(FiNKENEK*). 

3.  Determination  aa  Sulphate, 
a.  By  Precipitation. 
a.  Mix  the  solution  (which  should  not  be  over  dilute)  v. 

*  Hsndb.  der  anal.  Chem.  von  H.  Robe,  0  Aufl.  von  FnnzHEB,  93S. 
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inoderatelj  dilnte  pure  onlphnric  acid  slig^tlj  in  excess,  and  add 
to  the  mixtore  doable  its  Tolnme  of  common  alcohol ;  wait  a  few 
hoara,  to  allow  the  precipitate  to  subside ;  filter,  wash  the  precipi- 
tate with  common  alcobol,  dry,  and  ignite  after  the  method 
described  in  §  £3.  Tboiigh  a  careful  operator  may  use  a  platinum 
uracible,  still  a  thin  porcelain  crucible  is  preferable.  See  also  the 
remarks,  1,  a. 

0.  In  cases  where  the  addition  of  alcohol  is  inadmissible,  a 
greater  exceee  of  sulphnric  acid  must  be  used,  and  the  precipitate, 
which  is  allowed  some  time  to  subaide,  filtered,  and  washed  first 
with  water  acidulated  with  a  few  drops  of  sulphuric  acid,  then 
repeatedly  with  alcohoL  The  remainder  of  the  process  is  con- 
ducted as  in  or. 

If  the  fluid  contained  nitric  .acid,  whether  alcohol  is  used  or 
not,  it  is  advisable  to  evaporate  on  the  water-bath  after  the 
addition  of  the  sulphuric  acid,  till  the  nitric  acid  has  escaped, 
otherwise  the  precipitation  will  not  be  complete.  If  the  fluid 
contained  hydrochloric  acid  or  a  metallic  chloride,  lead  chloride  is 
thrown  down  with  the  sulphate.  In  this  case  yon  must  either 
evaporate  the-  fluid  with  excees  of  sulphuric  acid  and  heat  the 
residue  till  sulphuric  acid  fumes  escape  to  drive  off  the  hydro- 
chloric acid,  or  you  must  treat  the  precipitate  and  filter-ash  in  the 
crucible  with  concentrated  sulphuric  acid,  evaporate  and  ignite  to 
convert  it  into  pure  lead  sulphate  (FmKBNBH*). 

For  the  properties  of  the  precipitate,  see  §  83.  The  method  a 
^ves  accurate  reenlts ;  those  obtained  by  /9  are  less  exact  (a  little 
too  low),  but  still  however  satisfactory,  if  the  directions  given  are 
adhered  to.  If,  on  the  contrary,  a  proper  excess  of  sulphuric  acid 
18  not  added,  in  the  presence,  for  instance,  of  ammonium  salts,  the 
lead  is  not  completely  precipitated,  and  if  pure  water  is  used  for 
washing,  decided  traces  of  the  precipitate  are  dissolved. 

5.  Sy  EvaporaUon. 

a.  Put  the  substance  into  a  weighed  dish,  dissolve  in  dilnte 
nitric  acid,  add  moderately  dilnte  pure  snlpbnric  acid  slightly  in 
excess,  and  evaporate  at  a  gentle  heat ;  at  last  high  over  the  lamp, 
until  the  excess  of  sulphuric  acid  is  completely  expelled.  In  the 
absence  of  organic  substances,  the  evaporation  may  be  effected 

*  Haadb.  dot  anal  Chem.  voa  H.  Rom,  9  Aufl.  von  Fikkhhbr,  933. 
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withont  fear  in  a  platinum  diali ;  but  if  organic  eubstancea  an 
present,  a  light  porcelain  dieh  is  preferable.  "With  due  care  in  the 
process  of  evaporation,  the  resulta  are  perfectly  accurate, 

§.  Organic  componnds  of  lead  are  converted  into  the  anlphati 
by  treating  them  in  a  porcelain  crucible,  with  pure  concentratec 
sulphuric  acid  in  excess,  evaporating  cautiously  in  the  well-covered 
cracible,  until  the  excess  of  Bulphuric  acid  is  completely  expelled 
and  igniting  the  reeidne.  Should  the  latter  not  look  perfectlj 
white,  it  must  be  moistened  once  more  with  enlphuric  acid,  anc 
the  operation  repeated.  The  method  gives,  when  conducted  witi 
great  care,  accurate  results;  a  trifling  loss  is,  however,  usually  in 
carred,  the  escaping  sulphur  dioxide  and  carbon  dioxide  gasei 
being  liable  to  carry  away  traces  of  the  salt, 

4.  Determination  as  Zfiad  Chromate. 

If  the  solution  is  not  already  distinctly  acid  render  it  so  witl 
acetic  acid,  then  add  potassium  dichmmate  in  excess,  and,  if  fret 
nitric  acid  is  present,  add  sodium  acetate  in  enfficient  quantity  U 
replace  the  free  nitric  acid  by  free  acetic  acid  ;  let  the  precipitate 
subside  at  a  gentle  heat,  and  collect  on  a  weighed  filter  dried  ai 
100°,  wash  with  water,  dry  at  100°,  and  weigh.  The  precipitau 
may  also  be  ignited  according  to  §  53,  but  in  this  case  care  must  bt 
taken  that  hardly  any  of  the  salt  remains  adhering  to  the  paper 
and  that  the  heat  is  not  too  high.  For  the  properties  of  tbt 
precipitate,  see  §  93,  2.     The  results  are  accurate,     (Expt.  No.  76.] 

5.  Determination  of  Lead  by  Volumetric  Analyait. 
Although  there  ia  no  lack  of  proposed  methods  for  the  vob 

metric  estimation  of  lead,  we  are  still  without  a  really  good  inethw] 
for  practical  purposes,  that  is,  a  method  which  can  be  generaUj 
employed,  and  which  is  at  the  same  time  simple  and  exact.  Foi 
the  present,  therefore,  in  almost  all  cases  the  gravimetric  deter 
mination  of  lead  is  to  be  preferred  to  the  volumetric.  On  my  owi 
part,  at  least,  I  cannot  see  that  it  is  easier  or  any  better,  when  ont 
has  the  precipitate  washed,  to  subject  it  to  a  volumetric  process- 
whereby  the  accuracy  is  necessarily  diminished^instead  of  igniting 
it  gently  and  weighing.  For  this  reason,  the  better  volnmetrit 
methods  will  be  but  briefly  described,  the  rest  being  altogethei 
omitted. 

a.  The  solution  of  the  normal  lead  salt  most  be  free  from 
alkali  salts,  more  especially  from  ammonium  salts.    It  is  predpt 
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tated  with  oxalic  acid  (not  with  ammonium  oxalate),  the  well- 
wafihed  precipitate  is  dissolved  in  nitric  acid,  sulphnric  acid  added, 
and  the  oxalic  acid  in  the  solution  determined  by  potaeeinm 
penuanganate  (§  137)  Hempel, 

b,  H.  ScHVABz's  method.*  To  the  nitric  acid  solation  add 
ammonia  or  sodinm  carbonate,  as  long  as  the  precipitate  rediesolvea 
on  shaking,  mix  with  sodium  acetate  in  not  too  small  quantity,  and 
then  mn  in  from  a  burette  a  solution  of  potassium  dichromats 
(containing  14'761  grm.  in  the  litre)  till  the  precipitate  begins  to 
settle  rapidly.  Now  place  on  a  porcelain  plate  a  number  of  drops 
of  a  neutral  solution  of  silver  nitrate,  and  proceed  with  the  addition 
of  the  chromate,  two  or  three  drops  at  a  time,  stirring  carefully 
after  each  addition.  When  the  precipitate  has  settled  tolerably 
clear,  whicli  takes  only  a  few  seconds,  remove  a  drop  of  the  super 
natant  liqm'd  and  mix  it  with  one  of  the  drops  of  silver  solntion 
on  the  plate.  A  small  excess  of  chromate  gives  at  once  a  distinct 
red  coloration ;  the  precipitated  lead  chromate  does  not  act  on  the 
silver  solution,  but  remans  suspended  in  the  drop.  The  nnmber 
of  c.c.  of  solution  of  chromate  used  {minue  '1  which  Sohwabz 
deducts  for  the  excess)  multiplied  by  -0207  =  the  quantity  of  lead. 
If  the  fluid  appear  yellow  before  the  reaction  with  the  silver  salt 
occurs,  sodinm  acetate  is  wanting.  In  such  a  case  first  add  more 
sodium  acetate,  then  1  c.c  of  a  solution  containing  '0207  lead  in 
1  C.C.,  complete  the  process  in  the  usual  way,  and  deduct  1  cc, 
from  the  quantity  of  chromate  used  on  account  of  the  extra  lead 
added.  Any  iron  present  must  be  in  the  form  of  a  ferric  salt ; 
metals  whose  chromates  are  insoluble,  most  be  removed  before 
the  method  can  be  employed. 

e.  The  lead  is  precipitated  according  to  1,  a,  the  carbonate  (its 
compoeition  is  a  matter  of  indifference  in  the  present  case)  is 
washed,  dissolved  in  a  measbred  quantity  of  standard  nitric  acid, 
and  a  neutral  solution  of  sodinm  snlphate  added,  whereby  lead 
sulphate  is  precipitated  and  an  equivalent  quantity  of  sodium 
nitrate  formed.  If  the  nitric  acid  still  free  is  now  determined 
with  standard  alkali,  we  shall  find  the  quantity  of  acid  that  has 
been  neutralized  by  means  of  the  lead,  from  whidi  the  amount  of 
lead  may  be  calculated.  Ton  may  also  determine  the  free  nitrio 
acid  by  adding  standard  sodinm  carbonate  till,  the  vessel  being  on 

•  Dingl.  polyt.  Jonm.  ITO,  28*. 
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a  black  surface,  a  permanent  turbidity  is  visible.    Beenlta  good 

(F.  MOHB*). 

§117- 
3.  Mb3(0ubt  m  Mebcubous  Compochm. 

a.  Solution. 

Mercurons  oxide  and  mercuroaa  Baits  may  generally  be  dissolved 
by  means  of  dilnte  nitric  acid,  bnt  vithoat  application  of  heat  it 
conversion  into  mercuric  compounds  is  to  be  avoided.  If  all  that 
is  required  is  to  dissolve  the  mercury,  the  easiest  v^ay  is  to  varm 
the  aul)stance  for  some  time  with  nitric  acid,  then  add  hydrochloric 
acid,  drop  by  drop,  and  continue  the  application  of  a  moderate  heat 
until  a  perfectly  clear  solution  is  produced,  which  now  contains  all 
the  mercury  in  form  of  mercuric  salts.  Heating  the  solution  bi 
boiling,  or  evaporating,  must  be  carefully  avoided,  as  otherwise 
mercuric  chloride  may  escape  with  the  steam. 

b.  Determination. 

If  it  is  impracticable  to  produce  a  solution  of  the  mercuronB 
compound  witliout  formation  of  mercuric  salts,  it  becomes  nec» 
sary  to  convert  the  mercury  completely  into  mercuric  salts,  when 
it  may  be  determined  as  directed  §  118.  Bnt  if  a  solution  of  a 
mercnrous  compound  has  been  obtained,  quite  free  from  mercuric 
salts,  the  determination  of  the  mercury  may  be  based  upon  the 
insolubility  of  mercuroua  chloride,  and  effected  either  gravimetri- 
eally  or  volumetrically.  The  process  of  determining  mercury, 
described  §  118, 1,  a,  may,  of  course,  be  applied  equally  well  in  the 
case  of  mercurons  compKjunds. 

1.  DetermiruUion  as  Merourous  Chloride. 

Mix  the  cold  highly  dilute  solution  with  solution  of  sodium 
chloride,  as  long  as  a  precipitate  forms ;  let  the  precipitate  subside 
collect  on  a  weighed  filter,  dry  at  100°,  and  weigh.  For  tht 
properties  of  the  precipitate,  see  §  84.  Besults  accurate.  If  th( 
mercurous  solution  contuns  much  free  nitric  acid,  the  greater  pari 
of  this  should  be  neutralized  with  sodium  carbonate  before  adding 
the  sodium  chloride. 

*  Bi«  Lebrbuch  der  Titriimetliode,  8  AnfL  115. 
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2.  Volumetric  Methods. 

Several  methods  hare  been  proposed  under  this  bead:  the 
following  are  those  which  are  most  worthy  of  recommendation : — 

a.  Hix  the  cold  solntion  with  decinormal  solution  of  sodinm 
ctilortde  (§  141,  S,  a),  until  this  no  longer  produces  a  precipitate, 
and  is  accordingly  present  in  excess ;  filter  and  wash  thoroughly, 
taking  care,  however,  to  limit  the  quantity  of  water  used ;  add  a 
few  drops  of  solution  of  potassium  chromate,  then  pure  sodium 
carbonate,  sufficient  to  impart  a  bght  yellow  tint  to  the  fluid,  uid 
determine  by  means  of  solution  of  silver  nitrate  (g  141,  b,  or)  the 
quantity  of  sodium  chloride  in  solution,  consequently  the  quantity 
which  has  been  added  in  excess ;  this  shows,  of  course,  also  the 
amount  of  sodinm  chloride  consumed  in  effecting  the  precipitation. 
One  mol.  of  Hg,0  is  reckoned  for  2  mols.  of  NaCl,  consequently 
for  every  cc  of  the  decinormal  solution  of  sodinm  chloride,  -0308 
gnn.  of  mercnrous  oxide.  As  filtering  and  washing  form  indis- 
pensable parts  of  the  process,  this  method  affords  no  great  advan- 
tage over  the  gravimetric ;  however,  the  results  are  accurate 
(Fb,  Mobb*).  The  two  methods,  1  and  2,  a,  may  also  be  advan- 
tageously combined. 

J.  Precipitate  the  mercurous  8olution,+  according  to  1,  with 
sodium  chloride  in  a  stoppered  bottle,  allow- to  subside,  filter,  wash, 
push  a  bole  through  the  bottom  of  the  filter,  and  rinse  the  precipi- 
tate into  the  bottle,  which  usually  haa  some  of  the  washed  mercu- 
roas  chloride  adhering  to  its  inside.  Add  a  sufficient  quantity  of 
Bolntion  of  potassium  iodide,  together  with  standard  iodine  solution 
(to  1  grm.  Hg,Cl,  about  25  grm.  KI  and  100  cc.  ^  normal  iodine 
solution^:),  insert  the  stopper,  and  shake  till  the  precipitate  has 
.  entirely  dissolved  (Hg,CI,+  6KI  +  21  =  2[HgI,(KI),]  +  2KCI). 
As  iodine  is  in  excess,  the  solution  appears  brown.  If  any  mercu- 
ric iodide  separates,  add  potassium  iodide  to  redissolve  it.  Now 
add  from  a  burette  solution  of  sodium  thiosulpbate — correspond- 
ing to  decinormal  iodine  solution — till  the  fiuid  is  decolorized  and 
appears  like  water,  transfer  to  a  measuring  flask,  rinse  and  fill  up 
to  the  mark,  shake,  take  out  an  aliquot  part,  add  starch  paste  to  it, 
and  determine  the  excess  of  sodium  thiosulpbate  with  -^  iodine 
solution.  After  multiplying  by  the  proper  number,  add  the  cc 
originally  employed,  subtract  the  cc.  of  thiosulpbate  used,  and 

*  Lelirbucb  der  Tilrimtetbode,  8  Aufl.  895. 

t  If  oxide  of  inercur7  b  also  preunl,  see  §  118,  a.  }  See  §  146,  a. 
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reckon  the  quantity  of  mercury  from  the  remainder,     2  &t  iodine 
=  1  mol.  Hg,Cl,.    Resnltfi  good  (Hexpel*). 

§118. 
4.  MKBcnsT  m  Mebccbic  Compoukds. 

a.  Soltiiion. 

Mercuric  oxide,  and  those  mercuric  compotinds  which  an 
insohible  in  water,  are  diesolved,  according  to  circumstances,  ii 
hydrochloric  acid  or  in  nitric  acid.  Mercuric  sniphide  is  heatec 
with  hydrochloric  acid,  and  nitric  acid  or  potassium  chlorate  addw 
nntil  complete  solutton  ensues;  it  is,  however,  most  readily  die 
solved  by  suspending  it  in  dilute  potassa  and  transmitting  chlorine 
at  the  same  time  gently  warming  (H.  Kose).  When  a  solution  ol 
mercuric  chloride  is  evaporated  on  the  water-bath,  roercaric  chlo 
ride  escapes  with  the  aqueous  vapor. 

i.  DeierTnination. 

Mercury  may  be  weighed  in  the  metallic  state,  or  a^  mercurou. 
chloride,  mercuric  aulpkids,  or  mercieric  oxide  (84) ;  in  separationi 
it  is  sometimes  determined  as  loss  on  ignition.  It  may  also  !> 
estimated  volumetrically. 

The  three  first  methods  may  be  used  in  almost  all  cases ;  thi 
determination  as  mercuric  oxide,  on  the  contrary,  is  possible  onh 
in  mercurons  or  mercuric  nitrates.  The  methods  by  which  fhi 
mercury  is  determined  as  mercurons  chloride  or  mercuric  eulphidi 
are  to  be  preferred  before  those  in  which  it  is  separated  in  tb 
metallic  form.  The  volumetric  method  5,  is  of  very  limited  appli 
cation.  The  mercurons  chloride  obtained  by  method  2,  instead  o 
being  weighed,  may  be  determined  volumetrically  as  in  §  117,  2, 1 

1.  Determination  as  MetaUic  Mercury. 

a.  In  the  Dry  Way. 

The  process  is  condnoted  in  the  apparatus  illustrated  by  fig.  bA 

Take  a  tube  18  inches  long,  and  abont  4  lines  wide,  mad' 
of  difficultly  fusible  glass,  and  sealed  at  one  end.  First  put  int< 
the  tube  a  mixture  of  sodium  hydrogen  carbonate  and  powdere' 
chalk,  then  a  layer  of  qnick-lime;  these  two  will  occupy  the  spac 
from  atob.  (Let  the  mixture  for  generating  carbon  dioxide  tak 
up  about  two  inches.)  Then  add  the  intimate  mixture  of  the  sut 
'Anna),  d,  Chem.  u.  Pliarm.  110,  176. 
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stance  with  an  excess  of  quick-lime  {b-c),  then  the  lime-rinsings  of 
the  mortar  (c-rf),  then  a  layer  of  quick-lime  (d-e),  and  lastly,  a 
loose  stopper  of  asbeetus  (e-^")'  '^^^  anterior  end  of  the  tube  is 
then  drawn  out,  and  bent  at  a  somewhat  obtuso  angle.  The 
manipulations  in  the  processes  of  mixing  and  filling  being  the 
same  as  in  organic  analysis,  they  will  be  found  in  detail  in  the 
cliapter  on  that  subject. 

A  few  gentle  taps  npon  the  table  are  sufficient  to  shake  the 
contents  of  the  tnbe  down  so  as  to  leave  a  free  passage  through  the 
whole  length  of  the  tube.  The  tube,  so  prepared  and  arranged,  is 
now  placed  in  a  combustion  furnace,  the  point  being  inserted  into 
a  flask  containing  water,  the  surface  of  which  it  should  just  touch, 
60  that  the  opening  may  be  just  closed. 

The  tube  U  now  surrounded  with  red-hot  charcoal,  in  the  same 
way  as  in  organic  analysis,  proceeding  slowly  from  e  to  a,  the  last 
traces  of  mercurial  vapor  being  expelled  by  heating  the  mixture  at 


Fig.  54. 

the  sealed  end  of  the  tube.  Whilst  the  tube  still  remains  in  a  state 
of  intense  ignition,  the  neck  is  cut  off  aty,  and  carefully  and  com- 
pletely rinsed  into  the  receiving  flask,  by  means  of  a  washing-bottle. 
The  small  globules  of  mercury  which  have  distilled  over  are  united 
into  a  large  one,  by  agitating  the  flask,  and,  after  the  lapse  of  some 
time,  the  perfectly  clear  water  is  decanted,  and  the  mercury  poured 
into  a  weighed  porcelain  crucible,  where  the  greater  portion  of  the 
water  still  adhering  to  it  is  removed  with  blotting-paper.  The 
mercury  is  then  finally  dried  under  a  bel!-jar,  over  concentrated 
sulphuric  acid,  until  the  weight  remains  constant.  Heat  must  not 
be  applied.  For  the  properties  of  the  metal,  see  §  84.  In  the 
case  of  sulphides,  in  order  to  avoid  the  presence  of  vapor  of  water 
in  the  tube,  which  would  give  rise  to  the  formation  of  sulphuretted 
hydrc^n,  the  mixture  of  sodium  hydrogen  carbonate  and  chalk  is 
replaced  by  magnesite.    Mercuric  iodide  cannot  be  completely 
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docompoeed  by  lime.  To  analyze  this  in  the  dry  way,  substitut 
finely  divided  metallic  copper  for  tlie  lime  (H,  RoeE*).  The  «ct 
racy  of  the  rcBults  is  entirely  dependent  apon  the  care  bestowei 
The  mo3t  highly  accurate  results  are,  however,  obtained  by  tb 
application  of  the  Bomewhat  more  complicated  modification  adopts 
by  Erdicann  and  Maechani>  for  the  determination  of  the  atom! 
weight  of  mercury  and  of  sulphur.  For  the  dotaila  of  this  mod 
lied  procese,  I  refer  to  the  original  e88ay,t  simply  remarking  hen 
that  the  distillation  is  conducted,  in  a  combustion-tube,  in  a  en 
rent  of  carbon  dioxide  gas,  and  that  the  distillate  is  received  in 
weighed  bulb  apparatus  with  tlie  outer  end  filled  with  gold-leaf,  l 
insure  the  condensation  of  every  trace  of  mereury  vapor.  Th: 
way  of  receiving  and  condensing  may  be  employed  also  in  tL 
analysis  of  amalgams  (Konio^). 

b.  In  the  Wet  Waif. 

The  solution,  free  from  nitric  acid,  and  mixed  with  free  hydn 
chloric  acid,  is  precipitated,  in  a  flask,  with  an  excess  of  a  cl« 
solution  of  staimous  chloride,  containing  free  hydrochloric  acid 
the  mixture  is  boiled  for  a  short  time,  and  then  allowed  to  coo 
After  some  time,  the  perfectly  clear  supomatant  fluid  is  decante 
from  the  metallic  mercury,  which,  under  favorable  circumstaoce 
will  be  found  united  into  oue  globule;  if  this  is  the  case,  tb 
globule  of  mercury  may  be  washed  at  once  by  decantation,  fin 
with  water  acidulated  with  hydrochloric  acid,  and  finally  with  pm 
water ;  it  is  dried  as  in  a. 

If,  on  the  other  hand,  the  particles  of  the  mercury  have  d( 
united,  their  union  in  one  globule  may  as  a  rule  be  readily  effecte 
by  boiling  a  short  time  with  some  moderately  dilute  hydrocIJor 
acid  mixed  with  a  few  drops  of  stannous  chloride  (having,  { 
course,  previously  removed  by  decantation  the  supernatant  clet 
fluid).     For  the  properties  of  metallic  mercury,  see  §  84, 

Instead  of  stannous  chloride,  other  reducing  agents  may  I 
used,  especially  phosphorous  acid  at  a  boiling  tcraperatare.  Th 
method  gives  accurate  results  only  when  conducted  with  tli 
greatest  care.  In  general,  a  little  mercury  is  Ijst  {Comp.  Exp 
No,  IT). 

*  Pogg.  AoDnl.  110,  546. 

t  Joura.  f.  prakt.  Chem.  31,  885;  slao  Pliarm.  Ceatialbl.  1844,  S61 

t  Joan,  f,  prakt.  Cbem.  70.  64. 


by  Google 


§118.]  MERCITItY    IN   MKltCL'KlC   COMPOUNDS.  30(j 

2.  Determination  as  Mercwouti  Chloride. 

a.  After  H,  Eobk.*  Mix  the  raerenric  solution  (which  may 
contain  nitric  acid)  with  hydrochloric  acid  and  excess  of  phospho- 
rona  acid  (obtained  by  the  deliqneeoence  of  phosphoms  in  moist 
air),  allow  to  stand  for  12  hours  in  the  cold  or  at  a  very  gentle 
heat  (at  all  events  under  60°),  collect  the  mercnry,  now  completely 
separated  as  mercnroas  chloride,  on  a  weighed  filter,  wash  with 
hot  water,  dry  at  100°,  and  weigh.     Keeulta  perfectly  satiefactory. 

3.  Deiermination  as  Mercuric  Sulphide, 

The  Bolation  is  snfficiently  diluted,  acidulated  with  hydrochloric 
acid,  and  precipitated  with  clear  saturated  hydrogen  sulphide  water 
(or  in  the  case  of  large  quantities,  by  passing  the  gas) ;  filter  after 
allowing  the  precipitate  a  short  time  to  deposit,  wash  quickly  with 
cold  water,  drf  at  100°,  and  weigh.     Results  very  satisfactory. 

If  from  any  cause  {e.g.  presence  of  ferric  salts,  free  chlorine,  or 
the  like)  the  precipitate  should  contain  free  sulphur,  the  filter  is 
spread  ont  on  a  glass  plate,  the  precipitate  removed  to  a  porcelain 
dish  by  the  aid  of  a  jet  from  the  wash-bottle,  and  warmed  for  some 
time  with  a  moderately  strong  solution  of  sodiuTn  sulphite.  The 
filter,  having  been  in  the  mean  while  somewhat  dried  on  the  glass 
plate,  is  replaced  in  the  funnel,  the  eupematant  fluid  is  poured  on 
to  it,  the  treatment  with  Bodium  stilphite  is  repeated,  and  the  pre- 
cipitate (now  free  from  sulphur)  is  finally  collected  on  the  filter, 
washed,  dried,  and  weighed.     Results  very  good  (J.  LowEf). 

Should  the  quantity  of  sulphur  mixed  with  the  precipitate  be 
not  verj'  large,  it  may  be  removed  also  a.a  follows ;  the  precipitate 
is  first  washed  with  water,  then  twice  with  strong  alcohol,  then 
repeatedly  with  carbon  disulpliide,  till  a  few  drops  of  the  washings 
evaporate  on  a  watch-glass  without  leaving  a  residue.  (The  pre- 
cipitate is  retained  on  the  filter  throughout  this  operation.) 

Properties  of  mercuric  sulphide,  §  84 

4.  Determination  as  Oxide. 

In  the  mercurouB  and  mercuric  salts  of  the  nitrogen  acids,  the 
metal  may  be  very  conveniently  determined  in  the  form  of  mer- 
curic oxide  (Mabionac*)-     For  this  purpose,  the  salt  is  heated  in 

"Pogg.  Aonal.  110.  529. 

t  Joum.  f.  pnkL  Chera.  77,  78. 

i  Jahresbcr.  von  tieblg  tt  Kopp,  1849,  SH. 
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a  bulb-tube,  of  wlucb  tlie  one  end,  drawn  out  to  a  point,  dips  nudei 
water,  the  other  end  being  connected  with  a  gasometer,  hj  meam 
of  which  dr;  air  is  trauBmitted  through  the  tube,  ae  long  aa  the 
application  of  heat  ia  continued.  In  this  way  complete  decomposi- 
tion of  tbe  salt  is  readily  effected,  without  reaching  the  tempenk 
ture  at  which  the  oxide  itaelf  would  be  decomposed. 
B.  Yolumeiric  Methods. 

After  J.  J.  ScHEBER.*  Mercuric  nitrate  or  chloride  may  be 
directly  determined  with  sodium  tbiosulphate.  The  reactions  an 
aa  follows :  2H,0  +  3Hg(N0,).  +  2Na^.O,  =  (HgS),  •  Hg(NO^+ 
2Na,S0.  +  4HN0,;  or,  2H,0  +  3HgCl,  +  2Na,S,0.  =  (IIgS),-Hg 
01,  +  2Na,S0j  +  4HC1.  The  process  is  conducted  as  follows  ii 
the  case  of  mercuric  nitrate :  Mix  the  highly  dilute  solution  witb 
a  little  free  nitric  acid  in  a  tall  glass,  and  add  drop  by  drop  solndoii 
of  sodium  thioeulphate — 124  grm,  in  a  litre.  Each  drop  prodnccf 
&n  intense  yellow  cloud,  which  on  shaking  quickly  subsides  in  tht 
form  of  a  heavy  floeculent  precipitate  (HgS),  ■Hg(NO  J,.  Id  ordei 
to  distinguish  clearly  the  exact  end  of  the  reaction,  Scbehei 
recommends  to  transfer  tlie  fluid  towards  the  end  to  a  measuring 
Saak,  to  take  out  -}  or  }  of  the  clear  fluid  and  to  finish  with  this 
rhe  portion  of  thiosulphate  last  used  is  multiplied  by  3  or  2,  at 
the  case  may  he,  and  added  to  the  quantity  first  used.  1  c.c  ol 
the  solution  corresponds  to  "015  mercury,  or  '0162  mercuric  oxide 
The  relation  is  not  changed  even  when  the  fluid  contains  anotliei 
ujid  {sulphuric,  phosphoric). 

In  the  case  of  mercuric  chloride,  the  highly  dilute  solution  ii 
mixed  with  a  little  hydrochloric  acid  and  warmed,  nearly  to  boil 
ing,  before  beginning  to  add  the  sodium  thioeulpbate.  At  first  i 
white  turbidity  is  formed,  then  the  precipitate  separates  in  thicl 
Qocks.  When  the  solution  begins  to  appear  transparent,  the  pre 
Bipitant  is  added  more  slowly.  In  order  to  hit  tbe  end  of  tht 
reaction  exactly,  small  portions  must  be  filtered  off  towards  tht 
close.  The  precipitate  most  be  completely  white ;  if  too  mucl 
thiosulphate  bae  been  added,  it  is  gray  or  blackish,  and  the  experi 
ment  must  be  repeated.  Schereb  obtained  very  accurate  results 
Of  course  no  other  metals  must  be  present  that  exert  a  decompoa 
ing  action  on  sodium  thiosulphate. 

*  His  Lehrbuch  der  Cbemie.  L  5I& 
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§iis. 

6.    COPPBB. 

a.  Sol/uiion 

MaDj  cupric  salts  diaaolve  in  water.  Hetallic  copper  is  best 
dissolved  in  nitric  acid.  Cnpric  oxide,  and  those  capric  salts  which 
are  insoluble  in  water,  may  be  dissolved  in  nitric,  Iijdrochloric,  or 
Bulphnric  acid.  Cupric  sulphide  is  treated  with  fuming  nitric  acid, 
or  it  is  heated  with  moderately  dilnte  nitric  acid,  until  the  separated 
snlphar  exhibits  a  pure  yellow  tint ;  addition  of  a  little  hydro- 
chloric acid  or  potassium  chlorate  greatly  promotes  the  action  of 
the  dilute  acid. 

h.  Determination. 

Copper  may  be  weighed  in  the  form  oteuprio  omde,  or  in  the 
metallic  state,  or  as  cuprous  sulphide  (§  85).  Into  the  form  of 
cupric  oxide  it  is  converted  by  precipitation,  or  ignition,  sometimes 
with  preTiona  precipitation  as  sulphide.  The  determination  as 
cuprous  snlphide  is  preceded  usually  by  precipitation  either  as 
capric  sulphide  or  as  cuprous  sulphocyanate.  Copper  may  be  deter^ 
mined  also  by  various  volumetric  and  indirect  methods. 

We  may  convert  into 

1.    CUPBIO  OXIDE  : 

a.  Sy  jPreaipitaiion  as  hydrated  cupric  oxide  and  svhseguent 
ignition  :  All  cnpric  salts  soluble  in  water,  and  also  those  insoluble 
salts,  the  acids  of  which  may  be  removed  upon  solution  in  nitric 
acid,  provided  no  non-volatile  organic  substances  be  present. 

J.  By  Precipitati(m,  preceded  hy  Ignition  of  the  compound: 
Such  of  the  salts  enumerated  under  a  as  contain  a  non-volatile 
organic  substance,  thus  more  particularly  cnpric  salts  of  non-vol^ 
tile  organic  acids. 

c.  Sy  Ignition :  Cupric  salts  of  oxygen  acids  that  are  readily 
volatile  or  decomposable  at  a  high  temperature  (cnpric  carbonate, 
capric  nitrate). 

3.  Metallic  ooppxb  :  Copper  in  all  solutions  free  from  other 
metala  precipitable  by  zinc  or  the  galvanic  ouirent,  also  the  ozidee 
of  copper. 

3.  Odpbods  sulphide  :  Copper  in  all  cases  in  which  no  other 
metals  are  present  that  are  precipitable  by  hydrogen,  sulphide  or. 
potaninia  solphocyauate. 
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Of  the  several  methods  of  efEecfing  the  estimation  of  copper, 
).  3  is  particularly  to  be  recommended  for  nse  in  labonitoriee ; 
ttliod  2  IB  also  very  convenient,  and  well  adapted  for  aesajing. 
'  the  volumetric  methods,  one  is  suited  for  technical  purpoees, 
i  Other  for  the  estimation  of  small  quantities  of  copper.  For 
;hiiical  purposes  there  are,  besides,  also  several  colorimetric 
ithods,  proposed  by  HeiiVK,  von  IIibert,  Jacquelain,  A.  MCl- 
E,  and  others,  which  are,  all  of  them,  based  upon  the  comparisoii 

an  ammoniacal  solution  of  copper,  of  uuknowB  strength,  with 
lers  of  known  strength.* 

Levol's  indirect  method  of  estimating  copper,  which  is  baGed 
on  the  diminution  of  weight  suffered  by  a  strip  of  cupper  when 
rested  in  a  close-stoppered  Dask  with  ammoniacal  solution  of 
pper  till  decolorization  is  eifected,  takes  too  much  time,  and  is 
t  to  give  false  results  (Phillip8.+  EBDMANNt).  The  latter  remark 
plies  also  to  the  indii-ect  method  proposed  by  Runqe,  whicii  cen- 
ts in  boiling  the  solution  of  copper,  free  from  nitric  acid  and 
rrie  salts,  in  presence  of  some  free  hydrochloric  acid,  in  a  flask, 
th  a  weighed  strip  of  copper,  and,  after  decolorization  of  the 
id,  determining  the  loss  of  weight  suffered  by  the  copper. 
1.  Determination  as  Cvpric  Oxids. 

a.  By  direet  Precipitation  an  Oxide. 

Heat  the  rather  dilute  rwutral  or  acid  solution  in  a  platinum  or 
rcelain  dish,  to  incipient  ebullition,  add  a  somewhat  dilute  soln- 
in  of  pure  soda  or  potassa  until  the  formation  of  a  precipitate 
ases,  and  keep  the  mixture  a  few  minutes  longer  at  a  tempers- 
re  near  boiling.  Allow  to  subside,  Alter,  wash  by  decautation 
ice  or  ihrice,  boiling  up  each  time,  then  collect  it  on  the  filter, 
ish  thoroughly  with  hot  water,  dry,  and  ignite  in. a  poi-celain  or 
itinum  crucible,  as  directed  §53.  Do  not  use  the  blow-pipe. 
Eter  ignition,  and  having  added  the  ash  of  the  filter,  let  the 
ncible  cool  in  the  desiccator,  and  weigh.  The  action  of  reducing 
ses  must  be  carefully  guarded  a^inst  in  the  process  of  ignition. 

It  will  sometimes  happen,  though  mostly  from  want  of  proper 
tention  to  the  directions  here  given,  that  particles  of  the  precipi- 

•This  subject  hardly  comes  wiihio  the  scope  of  the  present  work.     I  there- 
'e  refer  to  Aj..  MCUiBR,  das  Complemcnlftrcolorimeter.  ChemD[tz,  18S4;  Bo- 
kakn'b  ProbirkuDBt  von  Kerl,  223;  also  to  Dehks,  Zeitscbr.  f.  Knal.  Chem. 
318,  and  QostAV  BiecHOF,  jud.,  lb.  6.  4S9. 
.f  Aiuia]..d.  Chem.  u.  Pbann,  81.  208.        t  Jour,  f.pnkt.  Chem.  75,  211. 
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tate  adhere  BO  tensoionBly  to  the  disli  as  to  be  mechanicallj  irremov' 
able.  In  a  case  of  this  tind,  after  washing  the  dish  thoroughly, 
dissolve  the  adhering  particles  with  a  few  drops  of  nitric  acid,  and 
evaporate  the  solntioa  over  the  principal  mass  of  the  precipitated 
onde,  before  yon  proceed  to  ignite  the  latter.  Should  the  solution 
be  rather  copious,  it  mnst  first  be  concentrated'  hy  evaporation, 
ontil  only  very  Utile  of  it  is  left.  For  the  properties  of  the  pre- 
cipitate, see  §  85. 

With  proper  attention  to  the  directions  here  given,  the  results 
obtained  bj  this  method  are  quite  accurate,  otherwise  they  may  be 
either  too  high  or  too  low.  Thus,  if  the  solution  be  not  sufficiently 
dilute,  the  precipitant  will  fail  to  throw  down  the  whole  of  the 
copper ;  or  if  the  precipitate  be  not  thoroughly  washed  with  hot 
water,  it  will  retain  a  portion  of  the  alkali ;  or  if  the  ignited  pre- 
cipitate be  allowed  to  stand  exposed  to  the  air  before  it  is  weighed, 
an  increase  of  weight  will  be  the  result ;  and  so,  on  the  other  hand, 
a  diminution  of  weight,  if  the  oxide  be  ignited  witli  the  filter  or 
Duder  the  influence  of  reducing  gases,  as  thereby  cuprous  oxide 
would  be  formed.  Should  a  portion  of  the  oxide  have  suffered 
reduction,  it  must  be  reoxidized  by  moieteaing  with  nitric  acid, 
evaporating  cautiously  to  dryness,  and  exposing  the  residue  to  a 
gentle  heat,  increasing  this  gradually  to  a  high  decree  of  intensity. 

Let  it  be  an  invariable  rule  to  test  the  filtrate  for  copper  with 
hydrogen  sulphide  water.  If,  notwithstanding  the  strictest  compli- 
ance with  the  directions  here  given,  the  addition  of  this  reagent 
produces  a  precipitate,  or  imparts  a  brown  tint  to  the  fluid,  this  is 
to  be  attributed  to  the  presence  of  organic  matter ;  in  that  case, 
concentrate  the  filtrate  and  wash-water  by  evaporation,  acidify, 
precipitate  with  hydrogen  sulphide  water,  filter,  incinerate  the 
filter,  heat  with  nitric  acid,  dilute,  filter,  concentrate,  precipitate 
with  soda,  and  add  the  oxide  obtained  to  the  main  quantity. 

Never  neglect  to  test  the  cupric  oxide  after  weighing  for  alkali 
or  alkali  salt  by  boiling  it  with  water.  If  either  is  present,  the 
oxide  must  be  exhausted  with  hot  water,  and  then  reignited  and 
reweighed.  Finally,  dissolve  the  oxide  in  hydrochloric  acid  to 
detect  and  if  necessary  to  estimate  any  silicic  acid  it  may  contain. 

In  default  of  sufficiently  pure  potash  or  soda,  the  carbonate 
may  be  used,  but  the  solution  mnst  not  contain  more  than  1  grm. 
copper  in  the  litre;  the  alkali  carbonate  must  only  be  added 
slightly  in  excess,  and  the  mixture  must  be  boiled  for  half  an  hour. 
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Tlie  bluish-^rcen  precipitate  will  theD  turn  dark  brown  and  grai 
ular,  and  may  bo  easily  washed  (Gibbs*). 

From  atninoniacal  solutions,  also,  copper  may  be  precipitate 
l)y  Eoda  or  potasea.  In  the  main,  the  process  is  condacted  as  abov 
After  precipitation  the  mixture  is  heated,  nntil  tlie  sapematai 
iluid  has  become  perfectly  colorless ;  the  fluid  is  then  filtered  o 
with  the  greatest  possible  expedition.  If  allowed  to  cool  with  tl 
precipitate  in  it,  a  small  portion  of  the  latter  wonld  redlssolve. 

b.  By  Predjntatitm  aa  Oxide,  preceded  by  Ignition  of  ti 
Substance. 

Heat  the  enbatance  in  a  porcelain  crucible,  until  the  organ 
matter  present  is  totally  destroyed ;  dissolve  the  residue  in  dila 
nitric  acid,  flltor  if  necessary,  and  treat  the  clear  solation  i 
directed  in  a. 

c.  By  Ignition. 

The  salt  is  put  into  a  platinnm  or  porcelain  crucible,  an 
exposed  to  a  very  gentle  heat,  which  is  gradually  increased 
intense  redness;  the  residue  is  then  weighed.  As  cupric  ultra 
spirts  strongly  when  ignited,  it  b  always  advisable  to  put  it  into 
small  covered  platinum  crucible,  and  to  place  the  latter  in  a  lar| 
one,  also  covered.  With  proper  care,  the  results  are  accurat 
Cupric  salts  of  organic  acids  may  also  be  converted  into  cupric  ojic 
by  simple  ignition.  To  this  end,  the  residue  tirst  obtained,  wliic 
contains  cuprous  oxide,  is  completely  oxidized  by  ignition  wit 
mercuric  oxide  (which  leaves  no  residue  on  ignition),  or,  with  le 
advantage,  by  repeated  moistening  with  nitric  acid,  and  ignitioi 
A  loss  of  substance  is  generally  incurred  by  the  use  of  nitric  aci 
from  the  difficulty  of  avoiding  spirting. 

2.  Determination  aa  Metallic  Ccpper. 
a.  By  Precipitation  with  Zinc  or  Cadmi'wm.\ 
Introduce  the  solution  of  copper,  after  having,  if  required,  fin 
freed  it  from  nitric  acid,  by  evaporation  with  hydrochloric  add  ( 

•  Zeltsohr.  t.  utal.  Chem.  7,  258. 

\  The  method  of  precipttating  copper  fa;  iron  or  eIdc,  and  weigbing  It  Id  Q 
metallic  form,  was  proposed  long  ago;  see  Ppatf's  Handbuch  der  uisljtiKlK 
Chemie,  AlCona,  1822,  2,  289;  where  the  ressoas  are  given  for  preferring  unci 
a  preclpilant,  aad  hydrogen  sulphide  is  recommended  as  a  test  for  SBcertainii: 
whether  the  precipitation  is  compjeie.  I  mention  this  with  reference  IoP.Mohb 
paper  in  the  Annal.  d.  Chem.  u.  FharuL  OS,  21S,  and  Bodemabk's  Probirkna 
TonExBL,  SaO. 
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Bnlpbaric  add,  into  a  weighed  platinnm  dish,  dilate,  if  necesBarj 
with  Bome  water,  throw  in  a  piece  of  zinc  (soluble  in  hydrochloric 
add  withont  residue),  and  add,  if  necessary,  hydrochloric  acid  in 
sufficient  quantity  to  produce  a  moderate  evolution  of  hydrogen. 
If,  on  the  other  hand,  this  evolution  should  he  too  brisk,  owing  to 
too  large  excess  of  acid,  add  a  little  water.  Cover  the  dish  with  a 
watch-glas?,  which  is  afterwards  rinsed  into  the  dish  with  the  aid 
of  a  washing-bottle.  The  separation  of  the  copper  begins  imme- 
diately ;  a  large  proportion  of  it  is  deposited  on  the  platinum  in 
form  of  a  solid  coating;  another  portion  separates,  more  particu- 
larly from  concentrated  solutions,  in  the  form  of  red  spongy  masses. 
Application  of  heat,  though  it  promotes  the  reaction,  is  not  abso- 
lutely necessary;  but  there  most  always  be  sufficient  free  add 
present  to  keep  up  the  evolution  of  hydrogen.  After  the  lapse  of 
about  an  hoar  or  two,  the  whole  of  the  copper  has  separated.  To 
make  sore  of  this,  test  a  small  portion  of  the  supernatant  fluid 
with  hydrogen  sulphide  water ;  if  this  fails  to  impart  a  brown  tint 
to  it,  yoQ  may  safely  assume  that  the  predpitatiou  of  the  copper  is 
complete.  Ascertain  now,  also,  whether  the  zinc  is  entirely  dis- 
solved, by  feeling  about  for  any  hard  lumps  with  a  glass  rod,  and 
observing  whether  renewed  evolution  of  hydrogen  will  take  place 
upon  addition  of  some  hydrochloric  add.  If  the  results  are  satis- 
factory in  this  respect  also,  press  the  copper  together  with  the  glass 
rod,  decant  the  dear  fluid,  which  is  an  easy  operation,  pour,  with- 
out loss  of  time,  boiling  water  into  the  dish,  decant  again,  and 
repeat  this  operation  until  the  washings  are  quite  free  &om  hydro- 
chloric acid.  Decant  the  water  now  as  far  as  practicable,  rinse  the 
dish  with  strong  alcohol,  dry  at  100°,  let  it  cool,  and  weigh.  If 
yon  have  no  platinnm  dish,  the  precipitation  may  be  effected  also 
in  a  porcelain  cmdble  or  glass  dish ;  but  it  will,  in  that  case,  take 
a  longer  time;  and  the  whole  of  the  copper  will  be  obtained  in 
loose  masses,  tod  not  firmly  adhering  to  the  sides  of  the  crucible 
or  dish,  as  in  the  case  of  precipitation  in  platinum  vessels. 

The  results  are  very  accurate.  The  direct  experiment,  Ko. 
78,  gave  100-0  and  100-06,  instead  of  100.  Fb.  Mohb  (loc.  eii.) 
obtained  equally  satisfactory  results  by  precipitating  in  a  porcelain 
crucible.* 

*  Storkr  (Od  the  Blloys  of  copper  uid  due,  Cambridge,  1860,  p.  47)  lafa  that 
tlie  predi^Uted  copper  retalnB  water,  but  I  have  not  fouod  tbls  to  be  the  case. 
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Zinc  l)eiiig  Bometimce  difficult  to  obtain  of  enfBcient  piiritj, 
:adniiiim  may  be  used  instead ;  it  disBolves  with  less  violence  in 
itrongly  acid  copper  eolutionB.  It  may  be  need  in  tlie  form  of  rod 
in  which  it  usually  occurs  in  commerce  (Ci-asben*). 

h.  By  Precipitation  with  the  Galvanic  CurreiU. 

This  metliod  makcfi  us  independent  of  pure  zinc  or  cadmium 
Mid  yields  the  copper  in  a  compact  form,  readily  washed  and  deter 
mined.  It  ie  now  largely  used  in  copper  works,  constant  batteria 
have  been  employed  for  it,  and  the  whole  process  has  been  organ 
ized  for  use  on  a  large  scale  by  Lcckow,  and  adopted  by  the  Mans 
feld  Ober-Berg-nnd  Hiittcn-Direction  in  Eisleben.f  A  small  elec 
trolytic  apparatus  without  separate  battery,  for  single  precipitatiooa 
has  been  described  by  Ullqren.J 

c.  By  Ignition  in  Hydrogen.. 

The  oxides  of  copper  when  ignited  in  a  current  of  pure  hydro 
gen  are  converted  into  metallic  copper,  and  may  thus  be  conveii 
iently  analyzed.  Occasionally  the  cupric  oxide  obtained  by  l,fl  o 
b,  is  reduced  either  at  once,  or  after  weighing ;  in  the  latter  ca& 
the  reduction  serves  as  a  control. 

3.  Determination  as  Ouprous  Sulphide. 

a.  By  Precipitation  as  Cupric  Sulphide. 

Precipitate  the.  solution — which  is  best  moderately  acid,  hu 
should  not  contain  a  great  excess  of  nitric  acid — according  to  thi 
quantity  of  copper  present,  either  by  the  addition  of  strong  hydro 
gen  sulphide  water,  or  by  passing  the  gas.  In  the  absence  of  nilrii 
acid  it  is  well  to  heat  nearly  to  boiling  while  the  gas  is  passing,  a 
this  makes  tlie  precipitate  denser,  and  it  is  more  easily  wasiied 
When  the  precipitate  has  fully  subsided,  and  you  have  made  snn 
that  the  supernatant  fluid  is  no  longer  colored  or  precipitated  b; 
strong  hydrogen  sulphide  water,  filter  quickly,  wash  the  precipi 
tate  without  intermission  with  water  containing  liydrogen  sulphidi^ 
and  dry  on  the  filter  with  some  expedition.  Transfer  to  awcighe< 
porcelain  crucible,  add  the  filter-ash  and  some  pure  powdered  snt 
phur,  and  ignite  strongly  in  a  stream  of  hydrogen  (§  108,  fig.  50) 
It  is  advisable  to  use  a  glass  blow-pipe.  The  I'esulta  are  veryaccn 
rate  (H.  " 


*  Joura.  f.  prekt.  Chem.  06,  2S9. 

fZcitBclir.  f.  anal.  Cliem,  8,  23  and  II,  ].    Compare  also  Gums. /6.  S,3Dl,iin( 
Lecoq  db  BoisBAUPAn,  76.  7.  253.        X  J*-  "•,  «2.        g  Pogg.  AdquI.  110,  isa 
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Tbts  method,  which  was  recommended  bj  BsszsLins,  and  after- 
wards by  Bbdmmeb,  has  only  lately  received  a  very  practical  form, 
from  the  apparatus  introduced  by  H.  Bosk.  I  feel  great  pleasure 
in  recommending  it.     In  my  own  labomtory  it  b  in  frequent  ase. 

h.  By  PreeipitaUon  as  Cuprous  Svlp^ocyanaie,  after  Rivor.* 

The  solution  should  be  as  free  as  possible  from  nitric  acid  and 
free  chlorine,  and  should  contain  little  or  no  free  acid.  Add  enl- 
phurous  or  hypophoepliorous  acid  in  sufficient  quantity,  and  tlien 
solution  of  potassium  sulphocyanate  in  the  least  possible  excess. 
The  copper  precipitates  as  white  cuprous  solphocyanate.  It  is 
filtered  after  standing  some  time,  washed  and  dried,  mixed  with 
sulphor,  ignited  in  hydrogen  in  the  apparatus  mentioned  in  a,  and 
this  ignition  with  sulphur  is  repeated  till  the  weight  is  constant. 
The  precipitate  may  also  be  collected  on  a  weighed  filter,  dried  at 
100°,  and  then  weighed.  The  experiment,  No.  80,  conducted  in 
the  latter  way,  gave  99-66  instead  of  100.  The  process  yields 
satisfactory  results,  but  they  are  always  inclined  to  be  a  little  too 
low,  as  the  cuprous  sulphocyanate  is  not  absolutely  insolnble.  The 
loss  is  larger  in  the  presence  of  much  free  acid. 

c.  OnprouB  and  cuprie  oxide,  cnpric  sulphate,  and  many  other 
salts  of  copper  (but  not  chloride,  bromide,  or  iodide)  may  be  directly 
converted  into  cuprous  sulphide,  by  mixing  with  sulphur  and 
igniting  in  hydrogen  as  in  a  (H.  Koes,  loc.  d^).  The  results  are 
thoroaghly  satisfactory. 

4.  Voliunetric  Methods.  \ 

a.  Dk  Haeh's  Method.'!' 

I  recommend  this  method,  which  was  devised  in  my  own 
laboratory,  as  more  especially  applicable  in  cases  where  small 
qnaittities  of  copper  are  to  be  estimated  in  an  expeditious  way. 
The  method  is  based  upon  the  fact  that,  when  a  cnpric  salt  in 
solntiou  is  mixed  with  potassium  iodide  in  excess,  cuprous  iodide 
and  free  iodine  are  formed,  the  latter  remaining  dissolved  in  the 
aolation  of  potassium  iodide :  CuSO,  +  aKI  =  Cnl  +  K,SO.  + 1. 
Now,  by  estimating  the  iodine  by  Buhbkn's  method,  or  with  sodium 
thioealphate  (§  146),  we  learn  the  quantity  of  copper,  as  1  at. 
iodine  {126-85)  corresponds  to  1  at.  copper  (63'4).  The  following 
is  the  most  convenient  way  of  proceeding :  Dissolve  the  compound 

*CoinpL  Bead.  S8,  868;  Journ.  f.  prskt  Cbem.  63,  363. 
t  Anoal.  d.  Cbem.  u.  Pharm.  91.  S87. 
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of  copper  in  Bnlphnric  acid,  beet  to  a  nentral  eolotion  ;  a  iiiuk.tra 
excess  of  free  sulphnric  acid,  however,  does  not  injurionslj'  afe 
the  process.  Dilute  the  solution,  in  a  measuring  flask,  to  a  dc 
nite  Tolnme;  100  c.c.  sboiild  contain  from  1  to  2  gnn.  of  coppi 
Introduce  now  about  10  cc.  of  potassinm  iodide  eolntion  (1  in  1 
into  a  stoppered  bottle,  add  10  cc.  of  the  copper  solution,  m 
allow  to  stand  10  minntes,  and  then  determine  the  separat 
iodine,  eitlier  with  sulphurous  acid  and  iodine  (§  116, 1),  or  wi 
sodium  thiosulphate  (§  146,  2).  The  copper  solution  must  be  fi 
from  ferric  salts  and  other  bodies  which  decompose  potassii 
iodide,  also  free  nitric  acid,  and  free  hydrochloric  acid ;  and  t 
solution  must  not  be  allowed  to  stand  too  long  before  titratic 
With  strict  attention  to  these  rules,  the  results  are  accurate.  I 
H^EN  obtained,  for  instance,  '3567  instead  of  '3566  of  cupric  bi 
phate,  99-89  and  100-1  instead  of  100  of  metallic  copper.  Furth 
experiments  (No.  81)  have  convinced  me,  however,  that,  thoDj 
the  results  attainable  by  this  method  are  eatisfactory,  they  are  n 
always  quite  so  accurate  as  would  be  supposed  from  the  abo 
figures  given  by  Dk  Haen.  Acting  upon  Fb.  Mohr's  suggestic 
I  tried  to  counteract  the  injurious  influence  of  the  presence 
nitrio  acid,  by  adding  to  the  solution  containing  nitric  acid,  fir 
ammonia  in  excess,  then  hydrochloric  acid  to  slight  excess;  t 
result  was  by  no  means  satisfactory.  The  reason  of  this  is  thai 
solution  of  ammoninm  nitrate,  mixed  with  some  hydrochloric  aei 
will,  even  after  a  short  time,  begin  to  liberate  iodine  from  solntii 
of  potassium  iodide. 

§  120. 

6.  Bismuth. 

a.  Sdution. 

Metallic  bismuth,  bismuth  trioxide,  and  all  other  compounds 
that  metal,  are  dissolved  best  in  nitric  acid,  more  or  less  dilate 
It  must  be  borne  in  mind  that  hydrochloric  acid  solutions 
bismuth,  if  concentrated,  cannot  be  evaporated  without  loss 
bismuth  chloride. 

i,  Detenmnation. 

Bismuth  is  weighed  in  the  form  of  trioxide,  of  cknanaif, 
sidphid^,  or  in  the  tneiaUie  state.  The  compounds  of  bismuth  a 
converted  into  trioxide  by  ignition,  by  precipitation  as  basic  a 
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bonate,  or  hj  repeated  evaporation  of  ttie  nitric  eolntion.    These 
are  somtitimes  preceded  by  separation  as  sulphide.    The  deter- 
mination as  metallic  bismuth  is  frequently  prwieded  by  precipita- 
tion as  sulphide  or  as  basic  chloride. 
We  may  convert  into 

1.  BisuTTTH  trioxide: 

a.  By  Precipitation  as  hasie  Bismuth  Carbonate.  All  com- 
pounds of  bismuth  which  dieeoive  in  nitric  acid  to  nitrate,  no  other 
add  remuning  in  the  solntion. 

b.  By  Igrvition. 

a.  Buimath  salts  of  readily  volatile  oxygen  acids. 
0.  Bismuth  salts  of  organic  acids. 

c.  By  Euaporation.     Bismuth  in  nitric  acid  solntion. 

d.  By  Pretnpitaiian.  aa  Bismuth  Trisulphide.  All  compounds 
of  bismath  Trithont  exception. 

2.  BisuoTH  OHSOHATE.     AU  compouuds  named  in  1,  a. 

3.  BiBWJTH  TBisuLPHiDS.  The  compounds  of  bismuth  without 
exception. 

4.  Metallic  BismrrH :  The  trioxide  and  oxygen  salts,  the 
snlphide,  the  basic  chloride,  in  which  latter  form  the  bismuth  may 
be  precipitated  ont  of  all  its  solutions. 

1.  Determination  of  Bismuth  aa  Trioende. 

a.  By  Predpitaiiion  as  Bismuth  Carbonate. 

If  the  solution  is  concentrated  add  water,  taking  no  notice  of 
any  precipitate  of  basic  nitrate  that  may  be  formed.  Mix  with 
ammonium  carbonate  in  very  slight  excess,  and  heat  for  some  time 
nearly  to  boiling ;  tilter,  dry  the  precipitate,  and  ignite  in  the  man- 
ner directed  %  116,  1  (Ignition  of  lead  carbonate) ;  the  process  of 
ignition  serves  to  convert  the  carbonate  into  bismuth  trioxide.  For 
the  properties  of  the  precipitate  and  residue,  see  %  86.  The  method 
gives  accurate  results,  thongh  generally  a  trifle  too  low,  owing  to 
the  circumstance  that  bismuth  carbonate  is  not  absolutely  insoluble 
in  ammonium  carbonate.  "Were  you  to  attempt  to  precipitate 
bismuth,  by  means  of  ammonium  carbonate,  from  solntions  con- 
taining sulphuric  acid  or  hydrochloric  acid,  you  would  obtaiu 
incorrect  results,  since  with  the  basic  carbonate,  basic  sulphate  or 
basic  chloride  would  be  precipitated,  which  are  not  decomposed  by 
excess  of  ammonium  carbonate.  Were  you  to  filter  ofi  the  precipi- 
tate  without  wanning,  a  considerable  loss  would  be  sustained,  as 
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tlie  whole  of  the  basic  carbonitte  would  not  hare  been  Bepan 
(Expt.  No.  83). 

b.  By  Ignitiwi. 

a.  Compounds  like  bismuth  carbonate  or  nitrate  are  ignited 
a  porcelain  crucible  until  their  weight  remains  constant. 

jS.  Salts  of  organic  acids  are  treated  like  the  correspond 
compounds  of  copper  (§  119,  1,  c). 

c.  By  Evaporation. 

The  Bolntion  of  the  nitrate  is  evaporated,  in  a  porcelain  disfa 
the  water-bath,  till  the  nentral  salt  remains  in  e;nipy  eoluti 
add  water,  loosen  the  white  cmst  that  is  formed  with  a  glass 
from  the  sides,  evaporate  again  on  a  water-bath,  reprecipitate  v 
water,  and  repeat  the  whole  operation  three  or  four  times.  A 
the  dry  mass  on  the  water-bath  has  ceased  to  smell  of  nitric  a 
ft  is  allowed  to  cool  thoroughly,  and  then  treated  with  cold  wi 
containing  a  little  ammoninm  nitrate  (1  in  500) ;  after  the  resi 
and  fluid  have  been  a  short  time  together,  filter,  wash  with 
weak  solution  of  ammoninm  nitrate,  dry  and  ignite  (§  53).  Kes 
very  satisfactory  {J.  Lowk*). 

d.  By  Precipitaiion  as  Bism^iih  TrisulphicU. 

Dilute  the  solution  with  water  slightly  acidulated  with  ac 
acid  (to  prevent  the  precipitation  of  a  basic  salt),  and  precipi 
with  hydrogen  sulphide  water  or  gas;  allow  the  precipitate 
subside,  and  test  a  portion  of  the  supernatant  fluid  with  hydro 
sidpkide  water:  if  it  remains  clear,  which  is  a  sign  that 
bismuth  is  completely  precipitated,  filter  (the  filtrate  should  an 
strongly  of  H,S),  and  wash  the  precipitate  with  water  contain 
liydrogen  sulphide.  Or  mix  with  ammonia  until  the  free  aci( 
neutralized,  then  add  ammonium  sulphide  in  excess,  and  allovi 
digest  for  some  time. 

The  washed  precipitate  may  now  be  weighed  in  three  diffei 
forms,  viz.,  as  trisulphide,  as  metal,  or  as  trioxide.  The  treatm 
in  the  two  former  cases  will  be  described  in  3  and  4 ;  in  the  la 
case  proceed  as  follows : 

Spread  the  filter  out  on  a  glass  plate  and  remove  the  precipit 
to  a  vessel  by  means  of  a  jet  of  water  from  the  wash-bottle — oi 
this  is  not  practicable,  put  the  precipitate  and  filter  together  i 
the  vessel — and  heat  gently  with  moderately  strong  nitric  i 

*  Journ.  f.  pnkl.  Chem.  74,  814 
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until  complete  decompoeition  is  efEected ;  the  solution  is  then 
diluted  with  water  slightly  acidnlated  with  acetic  or  nitric  acid, 
and  iiltered,  the  filter  beinj;  waslied  with  the  acidulated  water ;  the 
filtrate  is  then  finally  precipitated  aa  directed  in  a. 

2,  Determination  of  Biamuth  as  ChronuUe  (J,  Lowe*), 
Poor  the  eolation  of  bismnth,  which  most  be  aa  nentral  as 

poaeible,  and  must,  if  neceseary,  be  first  freed  from  the  excess  of 
nitric  acid  by  evaporation  on  the  water-bath,  into  a  warm  solution 
of  pore  potassinm  dichromate  in  a  porcelain  dish,  with  stirring, 
and  take  care  to  leave  the  aUcali  chroniate  slightly  in  excess. 
Binse  the  vessel  which  contained  the  aolntion  of  bismnth  with 
vat«r  containing  nitric  acid  into  the  porcelun  dish.  The  precipi- 
tate formed  must  be  orange-yellow,  and  denne  thronghont ;  if  it  ie 
floccolent,  and  has  the  color  of  the  yolk  of  an  egg,  this  is  a  sign 
that  there  is  a  deficiency  of  potassium  dicliromate ;  in  which  case 
add  a  fresh  quantity  of  this  salt,  taking  care,  however,  to  guard 
against  too  great  an  excess,  and  boil  until  the  precipitate  presents 
the  proper  appearance.  Boil  the  contents  of  the  dish  for  ten 
minntes,  with  stirring  ;  then  wash  the  precipitate,  first  by  repeated 
boiling  with  water  and  decautation  on  to  a  weighed  filter,  at  last 
thoroughly  on  the  latter  with  boiling  water ;  dry  at  about  120°, 
and  weigh.  For  the  properties  and  composition  of  the  precipitate, 
see  §  86.     Kesults  very  satisfactory. 

3.  Determination  of  Bi«trvu,Qh  aa  Triaidphdda. 
Precipitate  the  bismuth  as  trisulphide  according  to  1,  d.     If 

the  precipitate  contains  free  sulphur,  extract  the  latter  by  boiling 
with  solution  of  sodium  sulphite,  or  by  treatment  with  carbon 
diaolphide  (compare  the  determination  of  mercury  as  snlphide, 
§  118,  3),  collect  on  a  weighed  filter,  dry  at  100°,  and  weigh. 

The  drying  must  be  conducted  with  caution.  At  first  the 
precipitate  loses  weight,  by  the  evaporation  of  water,  then  it  gains 
weight,  from  the  absorption  of  oxygen.  Hence  yon  should  weigh 
every  half  hour,  and  take  the  lowest  weight  as  the  correct  one. 
Compare  Expt.  No.  58.     Properties  and  composition,  §  86,  ff. 

The  bismuth  sulphide  cannot  be  conveniently  converted  mto- 
the  metallic  state  by  ignition  in  hydrogen,  as  its  complete  decom- 
position is  a  work  of  considerable  time.  As  regards  redaction, 
with  potassium  cyanide,  see  4. 

*  Journ.  f.  prakt.  Cbem.  07, 461, 
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4.  DeUrminaUon  of  BismiUh  aa  Metal. 

The  oxide,  sulphide,  or  basic  chloride  that  are  to  be  rednc 
are  fused  in  a  porcelain  crucible  witli  five  times  their  quantity 
ordinary  potafisium  cjanide.  The  crucible  must  be  large  enoiij 
In  the  case  of  oxide  and  basic  chloride,  the  reduction  is  complet 
in  s  sliort  time  at  a  gentle  heat ;  sulphide,  on  the  other  hai 
reqoiree  longer  fusion  and  a  higher  temperatnre.  The  openiti 
has  been  saccessful  if  on  treatment  with  water  metallic  gr^iie  i 
obtained.  These  grains  are  first  washed  completely  and  nipic 
with  water,  then  with  weak  and  lastly  with  strong  alcohol,  dri 
and  weighed.  If  you  have  been  reducing  the  sulpliide,  and 
treating  the  fused  mass  with  water  a  black  powder  (a  mixture 
bismuth  with  bismuth  sulphide)  is  visible,  besides  the  metallic  grai 
It  is  necessary  to  fose  the  former  again  with  potaesinm  cyanide. 

It  sometimes  happens  that  the  crucible  is  attacked,  and  partic 
of  porcelain  are  found  mixed  with  the  metallic  bismuth  ;  to  prevt 
this  from  spoiling  the  analysis,  weigh  the  crucible  together  will: 
small  dried  filter  before  the  experiment,  collect  the  metal  ou  1 
filter,  dry  and  weigh  tho  crucible  with  the  filter  and  bisitr.:l:h  aga 
Results  good  (H.  Eose*). 

The  precipitation  of  bismuth  as  basic  chloride,  and  the  red 
tion  of  the  latter  with  potassium  cyanide,  has  been  recommeni] 
by  H.  RosE.f  The  process  is  conducted  as  follows :  Nearly  m 
tralize  any  large  excess  of  acid  that  may  be  present  witli  potas 
soda,  or  ammonia,  add  ammonium  chloride  in  sufficient  qnant 
(if  hydrochloric  acid  ia  not  already  present),  and  then  a  rather  lai 
quantity  of  water.  After  allowing  to  stand  some  time,  test  whetl 
a  portion  of  the  clear  supernatant  fluid  is  rendered  tnrbid  b; 
.further  addition  of  water ;  and  then,  if  required,  add  water  to  t 
whole  till  the  precipitation  is  complete.  Finally  filter,  wash  co 
pletely  with  cold  water,  dry  and  fuse  according  to  the  directic 
just  given  with  potassium  cjanide.  It  is  less  advisable  to  dry  I 
precipitate  at  100°,  weigh  and  calculate  the  metal  present  from  t 
formula  BiOCl,  as  washing  causes  a  slight  alteration  m  its  co 
position  (unless  a  little  hydrochloric  acid  is  added  to  the  wa; 
water,  which  is  inconvenient  when  the  precipitate  is  collected 
a  weighed  filter),  and  if  precipitated  in  the  presence  of  sulphar 
, phosphoric  acids,  &c.,  it  is  liable  to  contain  small  quantities 
ithese  acids.     Results  accurate. 

*  PogS.  Aonal  fll,  104,  and  110, 181  \  Pt-  110,  4SS. 
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§121. 

7.  Cadmidh. 

a.  Solution. 

Cadiniam,  its  oxide,  and  all  tlie  other  componnds  insoluble  in 
water,  are  diseolred  in  hydrochloric  acid  or  in  nitric  acid. 

b.  Determination. 

Cadmiom  ib  weighed  either  in  the  form  of  oxide,  pr  in  that  of 
sidpkide  (§  ST).  It  may  also  be  weighed  as  gulphate,  and  in  the 
absence  of  other  basee  precipitable  by  oxalic  acid,  it  may  be  esti- 
mated volnmetrically. 

We  may  convert  into 

i.  Cadhtum  oxide: 

a.  By  Predpiiaii^m.  The  componnds  of  cadmiam  which  are 
Bolnble  in  water ;  the  insoluble  compounds,  the  acid  of  which  is 
removed  npon  solntion  in  hydrochloric  acid;  cadmium  salts  of 
organic  acids. 

b.  By  Ignition.  Cadmium  salts  of  readily  volatile  or  easily 
decomposable  inorganic  oxygen  acide. 

%  Cadmiuu  sDLPHroE:  AH  componnds  of  cadmium  without 
exception. 

3.  Caduhtu  bclphate  :  All  compounds  of  cadmium,  in  the 
absence  of  other  non-volatile  substances. 

1.  Determination  as  Cadmium  Oxide. 

a.  By  Precipitation. 

Precipitate  with  potassium  carbonate,  wash  the  precipitated 
cadminm  carbonate,  ^d  convert  it,  by  ignition,  into  oxide.  The 
precipitation  is  conducted  as  in  the  case  of  zinc,  §  108, 1,  a.  The 
cadmium  oxide  whicli  adheres  to  the  filter  may  easily  be  reduced 
and  volatilized ;  it  is  therefore  necessary  to  be  cautions.  In  the 
first  place  choose  a  thin  filter,  transfer  the  dried  precipitate  as  com- 
pletely as  possible  to  the  cmcible,  replace  the  filter  in  the  funnel, 
and  moisten  it  with  ammonium  nitrate  solntion,  allow  to  dry,  and 
then  bnm  carefully  in  a  coil  of  platinum  wire.  Let  the  a^  fall 
into  the  cmcible  containing  tlie  mass  of  the  precipitate,  ignite 
carefully,  avoidiug  the  action  of  reducing  gases,  and  finally  weigh. 
It  is  diffienlt  to  remove  the  last  portions  of  carbonic  acid ;  yon  must 
therefore  repeat  the  ignition   till   the  weight   remains  constant 
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Properties  of  precipitate  and  residue,  §  87.     Keenlts  geuenll; 
little  too  low, 

b.  By  Iffnitum. 

Same  procesB  as  for  zinc,  §  108,  1,  o. 

2.  Determination  aa  Cadmium  Stdphide. 

It  is  best  to  precipitate  the  moderately  acid  eolution  with  hyd 
gen  Bolphide  water  or  gas,  whjch  must  be  used  in  sufBcient  exo 
The  presence  of  a  considerable  quantity  of  free  hydrochloric 
nitric  acid  may — especially  if  the  solntion  is  not  enongh  dilute* 
prevent  complete  precipitation,  hence  snch  an  excess  should 
avoided,  and  the  clear  supernatant  fluid  should  in  all  eases  be  test 
by  the  addition  of  a  relatively  lai^  amount  of  hydrogen  enlph 
water  to  a  portion,  before  being  filtered.  Alkaline  solutioM 
cadmium  may  be  precipitated  with  ammonium  sulphide.  If 
cadmium  sulphide  is  free  from  admixed  sulphur,  it  may  be  at  d 
collected  on  a  weighed  filter,  washed  first  with  diluted  hydro| 
sulphide  water  mixed  with  a  little  hydrochloric  acid,  then  n 
pure  water,  dried  at  IW,  and  weighed ;  if,  on  the  contrary,  it  c 
tains  free  sulphur,  it  may  be  purified  by  boiling  with  a  solution 
sodium  sulphite,  or  by  treatment  with  carbon  disniphide  (see  1! 
curie  Sulphide,  §  118,  3).  Results  accnrate.  Tlie  precipitation 
sulphur  may  occasionally  be  obviated  by  adding  to  the  cadmii 
solution  potassium  cyanide  till  the  precipitate  first  formed  is  ret 
solved,  and  then  precipitating  this  solution  with  hydrogen  snlphi 

If  the  cadmium  sulphide  is  not  to  be  weighed  as  snch,  warm 
together  with  the  filter,  with  moderately  strong  hydrochloric  at 
till  the  precipitate  has  dissolved  and  the  odor  of  hydrogen  sniph 
is  no  longer  perceptible,  filter  and  precipitate  the  solntion  ae 
1,  a,  after  having  removed  the  excess  of  free  acid  for  the  most  p 
by  evaporation. 

3.  Determi?iation  ae  Cadmium,  Sulphate. 

Same  process  as  for  magneeium  {§  104,  1).  The  CdSO,  tc 
be  rather  strongly  ignited  without  decomposition. 

4.  W.  GiBBS*  determines  cadmium  vdumetricaMy  by  miii 
the  concentrated  solntion  of  the  sulphate,  nitrate,  or  chloride  w 
excess  of  oxalic  acid  and  a  quantity  of  strong  alcohol,  filterii 
washing  with   alcohol,  dissolving   in   hot  hydrochloric  acid  « 

•  Zcilachr.  f.  uiaL  Chein.T.  S6». 
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dctemiiaiiig  the  oxalic  acid  witli  permanganate  (§  187).    W.  Q. 
Lbison*  obtained  satiefactory  resnlU  by  tbis  proceaa. 

&^>plemetU  to  the  Fy^  Onmp. 

§122. 

8.  Pallabidu. 

Palladiam  ie  converted,  for  the  parpoee  of  estimation,  into  the 
metallic  state  ;  or — in  many  eeparationq — mto  potaedum,  paUadic 
chloride. 

1.  DeterfmnaUon  as  Palladium, 

a.  Neutralize  the  eolntion  of  palladions  cliloride  ahnoet  com- 
pletely with  sodium  carbonate,  mix  with  eolution  of  mercuric 
cpnide ;  and  heat  gently  for  some  time,  until  the  odor  of  hydro- 
cjauie  acid  has  gone  off.  A  yellowish-white  precipitate  of  palladi- 
ooe  cyanide  will  snbGide ;  from  dilute  solutione,  only  afterthe  lapse 
of  some  time.  Wash  first  by  decantatioD,  then  on  the  iilter,  diy 
thoroughly,  ignite  cantiooely,  finally  over  the  gas  blowpipe  till  the 
palladium  paracyanide  first  formed  is  decomposed,  then  ignite  in 
hydrogen,  since  the  palladium  has  been  slightly  oxidized  As  soon 
ae  the  lamp  is  removed,  stop  the  hydrogen  to  prevent  absorption, 
and  weigh  the  metal.  If  tiie  solution  contains  palladious  nitrate, 
evaporate  it  first  with  hydrochloric  acid  to  dryness ;  as  otherwise 
the  precipitate  obtdned  defiagrates  upon  ignition  (Wollabton). 
Sesnlts  exact 

b.  Mix  the  solution  of  palladions  chloride  or  nitrate  with 
Bodinm  or  potawinm  formate,  and  warm  until  no  more  carbonic 
acid  escapes.  The  palladium  precipitates  in  brilliant  scales  (Dobe- 
beinsb). 

e.  Precipitate  the  acid  solution  of  palladinm  with  hydrogen 
Bulphide,  filter,  wash  with  boihng  water,  roast,  disaolve  in  hydro- 
chloric acid  and  nitric  acid,  and  precipitate  as  in  a. 

Exposed  to  a  moderate  red  beat  metallic  pcUladium  becomes 
covered  with  a  film  varying  from  violet  to  blue,  but  at  a  higher 
temperatnre  it  recovers  its  lustre,  which  it  keeps  after  being  sud- 
denly cooled,  for  instance,  with  cold  water.  This  tarnishing  and 
recovery  of  the  metallic  lustre  is  not  attended  with  any  percepti- 

■  Zdtschr.  1.  sold.  Ch«in.  10,  848. 
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ble  diftereDce  of  weight.  P&lladiam  which  has  taken  up  osjrgt 
is  immediate  I J  reduced  in  hjdrogeu ;  when  cooled  in  the  cDirei 
of  gas,  it  retains  some  absorbed  hydrogen.  Palladium  requhes  tl 
very  highest  degree  of  heat  for  its  fusion.  It  diseolvee  readily  i 
nitrohydroehloric  acid,  with  difficulty  in  pure  nitric  acid,  moi 
easily  in  nitric  acid  containing  nitrons  acid,  with  difficulty  in  Ixii 
ing  concentrated  sulphuric  acid. 

2.  Detemiinatum  as  Potassium  PaUadie  Chloride. 

Evaporate  the  solution  of  palladic  chloride  with  potassiQi 
chloride  and  nitric  acid  to  dryness,  and  treat  the  mass  when  co 
with  alcohol  of  '833  ap.  gr.,  in  which  the  donble  salt  is  insolabl 
Collect  on  a  weighed  filter,  dry  at  1U0°,  and  weigh.  Results 
little  too  low,  as  traces  of  the  double  salt  pass  away  with  the  alcob 
waehingB  (Bekzelius).  Instead  of  weighing  the  donble  salt  yc 
may  ignite  in  hydrogen,  remove  the  potaseium  chloridewith  wat 
and  weigh  the  metal  obtained.  This  method  is  indeed  to  be  pr 
ferred,  as  it  prevents  any  potassium  chloride  in  the  precipitate  fro 
affecting  the  result. 

Potassium  palladic  ohlobidb  consists  of  microscopic  oct 
hedra ;  it  presents  the  appearance  of  a  vermilion  or,  if  the  crjBt^ 
are  somewhat  large,  of  a  brown  powder.  It  is  very  shghtly  sol 
ble  in  cold  water ;  it  is  almost  insoluble  in  cold  alcohol  of  the  abo 
strength.     It  contains  26-806}  palladium. 

Sixth  Group. 

GOLD— PLATDHIM — AimUONY — TIN  Df  BTANNIO  OOMPOIJNDe — TIS 
STANNOUS  OOHFODNDS — ASSEHIOCS  AND  ABSEHIC  AdDS — (n 
LTBDIO  acid). 


1.  Gold. 

a.  Solution. 

Metallic  gold,  and  all  componuds  of  gold  insolnble  in  watt 
are  warmed  with  hydrochloric  acid,  and  nitric  acid  is  grodoal 
added  until  complete  solution  is  effected ;  or  thoy  are  repeated 
digested  with  strong  chlorine  water.  The  latter  method  is  resorK 
to  more  especially  in  cases  where  the  i^uantity  of  gold  to  be  di 
solved  is  small,  and  mixed  with  foreign  oxides  which  it  is  wishf 
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to  leave  nadiseolved.  According  to  W.  Sket*  tinctnre  of  iodine, 
or,  for  lai^er  qnaatitios  of  gold,  bromine  water,  is  better  than  chlo- 
rine water.  The^'give  aolntiooB  freer  from  other  metals  than  the 
chlorine  water  gives. 

5.  Determination. 

Gold  is  always  weighed  in  the  metaUio  state.  The  compounds 
are  bronght  into  thie  form,  either  by  ignition  or  by  precipitation, 
as  gold,  or  anric  Bulphide. 

We  convert  into 

Hetallio  oold  : 

a.  By  Ignition.  All  compoimde  of  gold  which  contain  no  fixed 
aeid,  or  other  body. 

h.  By  PreeipitaUon  as  TnetaUia  gold.  All  compounds  of  gold 
withont  exception  in  cases  where  a  is  inapplicable. 

c.  By  Breeipitaiion  as  auric  sulphide.  This  method  serves  to 
effect  the  separation  of  gold  from  certain  other  metab  which  m:iy 
be  mixed  with  it  in  a  solution. 

J)etenmnation  as  Metallic  Gold. 

a.  By  Ignition. 

Heat  the  compound,  in  a  covered  porcelain  cruciblej  very  gently 
at  first,  bnt  finally  to  redoesa,  and  weigh  the  residuary  pure  gold. 
For  properties  of  the  residue,  see  §  88.  The  results  are  most 
accurate. 

h.  By  Preci^taiion  as  MetaUio  Oold. 

a.  The  sohiiion  is  free  from  Nitric  Aeid.  Mix  the  solution 
with  a  little  hydrochloric  acid,  if  it  does  not  already  contain  some 
of  that  acid  in  the  free  state,  and  add  a  clear  solution  of  ferrous 
^snlpbate  in  excess;  heat  gently  for  a  few  hours  until  the  precipi- 
tated fine  gold  powder  has  completely  subsided;  filter,  wash,  dry, 
and  ignite  according  to  §  53.  A  porcelain  dish  is  a  more  appro- 
priate vessel  to  effect  the  precipitation  in  than  a  boaker,  as  the 
heavy  fine  gold  powder  is  more  readily  rinsed  out  of  the  former 
than  out  of  the  latter.  There  are  no  sources  of  error  inherent  in 
the  method. 

j8.  The  solution  of  Oold  coniains  JVitrie  Aeid.  Evaporate  the 
solution,  on  a  water-bath,  to  the  consistence  of  syrup,  adding  from 
time  to  time  hydrochloric  acid ;  dissolve  the  residue  in  water  con- 

*  ZdtMlir.  L  aosL  Chem.  10,  SSI. 
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taiaJng  hydrochloric  acid,  and  treat  the  Bolntion  as  directed  in  ( 
It  will  sometimes  happen  that  tlie  residue  does  not  dissolve  to 
clear  fluid,  in  consequence  of  a  partial  decomposition  of  auric  chl( 
ride  mto  anrous  chloride  and  metallic  gold ;  however,  this  is  a  mi 
ter  of  perfect  indifference. 

y.  In  cases  where  it  is  wished  to  avoid  the  presence  of  iron  i 
the  filtrate,  the  gold  may  be  reduced  by  means  of  oxalic  acid.  1 
this  end,  the  dilute  solution — freed  previously,  if  uecessaiy,  froi 
nitric  acid,  in  the  manner  directed  in  p — is  mixed,  in  a  beakc 
with  oxalic  acid,  or  with  ammoninm  oxalate  in  excess,  some  si 
phuric  acid  added  (if  that  acid  isnot  already  present  in  the  fn 
state),  and  the  vessel,  covered  with  a  glass  plate,  is  kept  standii 
for  two  days  in  a  moderately  warm  place.  At  the  end  of  th 
time,  the  whole  of  the  gold  will  be  found  to  have  separated 
small  yellow  scales,  wliich  am  collected  on  a  filter,  washed  fii 
with  dilute  hydrochloric  acid,  then  with  water,  dried,  and  ignite 
If  the  gold  solution  contains  a  large  excess  of  hydrochloric  aci 
the  latter  should  be  for  the  most  part  evaporated,  before  the  boI 
tioii  is  diluted  and  the  oxalic  acid  added.  If  the  gold  solution  oo 
tains  chlorides  of  alkali  metals,  it  is  necessary  to  dilute  largely,  ai 
allow  to  stand  for  a  long  time,  in  order  to  effect  complete  precij 
tation  (H.  Rose). 

rf.  The  gold  may  also  be  thrown  down  in  the  metallic  form  1 
liydrate  of  chloral*  in  the  presence  of  potash.  "Warm  the  eohtio 
add  the  chloral,  then  pure  potash  in  excess,  and  boil  for  a  mini 
or  so.     The  gold  is  precipitated  with  evolution  of  chloroform. 

t.  Finally,  gold  may  be  thrown  down  by  many  metals,  such 
zinc,  cadmium,  magnesium,  &c.  The  latter  has  been  recommend 
by  ScHEiBLKEf  for  the  analysis  of  the  gold  salts  of  organic  bas 
The  precipitate  is  first  washed  with  hydrochloric  acid,  then  wi 
water. 

c,  £y  Precipitation  ait  Auric  Svlphide. 

Hydrogen  sulphide  gas  is  transmitted  in  excess  throagh  tl 
dilute  solution  containing  some  free  acid;  the  precipitate  fonm 
is  speedily  filtered  off,  without  heating,  washed,  dried,  and  igniti 
in  a  porcelain  crucible.  For  the  properties  of  the  precipitate,  e 
S  88.     No  sources  of  error. 


"  Haobr'b  pbonnsc.  Centralhalle,  11,  808. 
t  Ber.  der  deutsch.  chem.  Oescllscb.  1869,  386. 
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§134. 

9.  PLATnnni. 


a.  Soluiion. 

Metallic  platiniim,  and  the  compounds  of  platinum  wliich  are 
insoluble  in  water,  are  dissolved  by  digestion,  at  a  gentle  heat,  witli 
nitrohydrochloric  acid. 

S.  Determiiuition. 

Platinum  is  invariably  weighed  in  the  tnetaUic  «tate,  to  which 
condition  its  componnds  are  bronght,  either  by  precipitation  as 
ammoninm  platinic  chloride,  potaBsinm  platinic  chloride,  or  pla- 
tinic  solphide,  or  by  ignition,  or  by  precipitation  with  reducing 
agents.  All  compounds  of  platinum,  without  exception,  may,  in 
most  eases,  be  converted  into  platinmn  by  either  of  these  methods. 
Which  is  the  most  advantageous  process  to  be  pnreaed  in  special 
instances,  depends  entirely  upon  the  circumstances.  The  reduc- 
tion to  the  metallic  state  by  simple  ignition  is  preferable  to  the 
other  methods,  in  all  cases  where  admissible.  The  precipitation  as 
platinic  sulphide  is  resorted  to  exclusively  to  effect  the  separation 
of  platinnm  from  other  metals. 

Determination  as  MetaUio  PlMirvum,. 
a.  By  Pretdjntation  as  AnMnonium  PlaiiTvia  Chloride, 
The  solution  must  be  concentrated  if  necessary  by  evaporation 
on  a  water-batii.  Hix,  in  a  beaker,  with  ammonia  until  the  excess 
of  acid  (that  is,  supposing  an  excess  of  acid  to  be  present)  is  nea/rly 
saturated;  add  ammoninm  chloride  in  excess,  and  mix  the  fluid 
with  a  pretty  large  quantity  of  strong  alcohol.  Cover  the  beaker 
now  with  a  glass  plate,  and  let  it  stand  for  twenty-four  hours,  after 
which  filter,  wash  the  precipitate  with  alcohol  of  abont  80  per 
cent.,  till  the  substances  to  be  separated  are  removed,  dry  carefully, 
ignite  according  to  §  99,  2,  and  weigh.  In  the  case  of  large  quan- 
tities the  final  ignition  is  advantageously  conducted  in  a  stream  of 
hydrogen  (§  108,  fig.  50),  in  order  to  be  quite  sure  of  effecting 
complete  decomposition.  For  the  properties  of  the  precipitate  and 
reeidne,  see  §  89.  The  results  are  satisfactory,  though  generally  a 
little  too  low,  as  the  ammoninm  platinic  chloride  is  not  altogether 
insoluble  in  alcohol  of  the  above  strength  (Expt,  No.  16),  and  as 
the  fnmes  of  ammoninm  chloride  are  liable  to  carry  away  traces  of 
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tlie  yet  nndecomposed  double  chloride,  if  the  application  of  he 
not  condncted  with  the  greatest  care. 

If  the  precipitated  ammonium  platinic  cliloride  were  weif 
in  that  form,  the  results  would  be  inaccurate,  Bince,  as'  I  have 
vinced  myself  bj  direct  experiments,  it  is  impossible  to  complt 
free  the  doable  chloride,  hj  washing  with  alcohol,  from  all  ti 
of  the  ammonium  chloride  thrown  down  with  it,  without  diseol 
at  tlie  same  time  a  notable  portion  of  the  double  chloride,  i 
general  rule,  the  results  obtained  by  weighing  the  ammonium 
tinic  chloride  in  that  form  are  one  or  two  per  cent,  too  high. 

b.  By  Precipitation  as  Potassium  Plaiinic  Chloride. 
Mix  the  solution,  ia  a  beaker,  with  potaesa,  antil  the  gn 

part  of  the  excess  of  acid  (if  there  be  any)  is  neutralized; 
potaseiimi  chloride  slightly  in  excess,  and  finally  a  pretty  1 
quantity  of  strong  alcohol ;  should  your  solution  of  platinnn 
very  dilute,  you  must  concentrate  it  previously  to  the  additio 
the  alcohol.  After  twenty-four  hours,  collect  the  precipitate  i 
a  rather  small  unweighed  filter,  wash  with  alcohol  of  80  per  c 
dry  thoroughly  at  100°,  and  transfer  to  a  porcelain  crucible, 
solving  the  portion  which  adheres  to  the  filter,  and  evaporating 
solution  in  the  crucible.  See  §  97,  3.  Next,  by  igniting 
hydrogen  by  means  of  apparatus  described  in  §  108,  page  351, 
vert  the  compound  into  metallic  platinum  and  potassinm  chio 
Reduction  is  best  effected  if  the  heat  is  very  gradually  applied, 
does  not  at  all  quite  reach  the  point  at  which  potassinm  chit 
fuses.  After  reduction,  wash  out  the  potassinm  chloride,  ij 
and  weigh  the  platinnm.  For  the  properties  of  the  precip 
and  residue,  see  §  89. 

The  results  are  more  accurate  than  those  obtained  bymeUH 
since,  on  the  one  hand,  the  potassium  platinic  chloride  is  i 
insoluble  in  alcohol  than  the  corresponding  ammonium  salt ; 
on  the  other  hand,  loss  of  substance  is  less  likely  to  occur  du 
ignition.  To  weigh  the  potassium  platinic  chloride  in  that  1 
would  not  be  practicable,  as  it  is  impossible  to  remove,  by  wak 
with  alcohol,  all  traces  of  the  potassium  chloride  thrown  d 
with  it.  without,  at  the  same  time,  dissolving  a  portion  of 
double  chloride. 

c.  By  Precipitation  aa  Platinic  Sulphide. 
Precipitate  the  solntion  with  hydrogen  sulphide  water  or 
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according  to  circnmBtauces,  heat  the  mixture  to  iacipicDt  ebulli- 
tion, filter,  wash  the  precipitate,  diy,  and  i^te  according  to  §  52. 
For  the  propertiea  of  the  precipitate  and  residue,  Bee  §  89.  The 
results  are  accurate. 

d.  By  Ignition. 

Same  process  as  for  gold,  §  123.  For  the  properties  of  the 
residue,  see  §  89.     The  results  are  most  accurate. 

e.  By  Precipitation  teiih  Seducing  Agents. 

Various  reducing  agents  may  be  employed  to  precipitate  plati- 
num from  its  solutions  in  the  metallic  state.  The  reduction  is 
very  promptly  effected  by  ferrous  sulphate  and  potassa  or  soda 
(the  protosesqaiozide  of  iron  being  removed  by  enbeequent  addi- 
tion of  hydrochloric  acid,  Hehpel),  or  by  pure  zinc  or  magnesium 
(the  excess  of  which  is  removed  by  hydrochloric  acid) ;  somewhat 
more  slowly,  and  only  with  application  of  heat,  by  alkali  formiates. 
Kercurona  nitrate  also  precipitates  the  whole  of  Uie  platinum  from 
solution  of  platinic  chloride ;  upon  igniting  the  brown  precipitate 
obtained,  fumes  of  mercorous  chloride  escape,  and  metalUo  pUti- 
nwn  remains. 

§125. 

8.  Amtimont. 

a.  Solution. 

AntimoDtons  oxide,  and  the  compounds  of  antimony  which  are 
insoluble  in  water,  or  are  decomposed  by  that  agent,  are  dissolved 
in  more  or  less  concentrated  hydrochloric  acid.  Metallic  antimony 
is  dissolved  beet  in  nitrohydrochloric  acid.  The  ebullition  of  a 
hydrochloric  acid  solution  of  antimonious  chloride  is  attended  with 
volatilization  of  traces  of  the  latter;  the  concentration  of  a  solution 
of  the  kind  by  evaporation  involves  accordingly  loss  of  substance. 
Solutions  so  highly  dilate  as  to  necessitate  a  recourse  to  evapora- 
tion must  therefore  previously  be  eupersatnrated  with  potassa. 
Solutions  of  antimonious  chloride,  which  it  is  intended  to  dilate 
with  water,  must  previously  be  mixed  with  tartaric  acid,  to  prevent 
the  separation  of  basic  salt.  In  diluting  an  acid  solution  of  anti- 
monic  acid  in  hydrochloric  acid,  the  water  must  not  he  added 
gradually  and  in  small  quantities  at  a  time,  which  would  make  the 
fluid  turbid,  but  in  sufficient  quantity  at  once,  which  will  leave  the 
fluid  clear. 
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b.  Determination. 

Antimony  may  be  weighed  as  antvmoniotie  auljjhide  or  aniinux 
tetroxide,  in  eeparatione  it  ie  eometimee  weighed  ae  m^tallie  an 
many ;  or  it  is  estimated  volumetrically. 

Antimony  in  Bolntion  is  almost  in\'ariab!y  first  precipitated 
sulphide,  whicli  is  then,  with  the  view  of  estimation,  convert 
into  anhydrous  sulphide,  or  determined  volumetrically. 
1,  Precipitation  as  Antimonioua  Sulphide. 

Add  to  the  antimony  solution  hydrochloric  acid,  if  not  alreai 
present,  then  tartaric  acid,  and  dilute  with  water,  if  necessai 
Introduce  the  clear  fiuid  into  a  flask,  closed  with  a  doubly  per 
rated  cork ;  through  one  of  the  perforations  passee  a  tube,  b( 
ooteide  at  a  right  angle,  which  nearly  extends  to  the  bottom  of  t 
flask;  through  the  other  perforation  paesee  another  tube,  bent  o 
side  twice  at  right  angles,  which  reaches  only  a  short  way  into  t 
flask ;  the  outer  end  of  this  tube  dips  slightly  under  water.  C( 
duct  through  the  first  tube  hydrogen  sulphide  gas,  nntil  it  p 
dominates  strongly ;  put  the  flask  in  a  moderately  warm  place,  a 
after  some  time  conduct  carbon  dioxide  into  the  fluid,  until  t 
excess  of  tlie  other  gas  is  almost  completely  removed.  If  there 
no  reason  against  it,  from  the  presence  of  a  large  quantity 
hydrochloric  acid,  or  from  the  presence  of  nitric  acid,  it  is  well 
heat  the  solution  during  the  passing  of  the  gas,  finally  even  boilj] 
The  precipitate  is  then  denser,  and  may  be  very  easily  wasb 
(Shaeples*). 

If  the  amount  of  the  precipitate  is  at  alt  ooneidcraile,  fil 
without  intermission  through  a  weighed  filter,  wash  rapidly  a 
thoroughly  with  water  mixed  with  a  few  drops  of  hydrogen  s 
phide  water,  dry  at  100°,  and  weigh.  The  precipitate  so  weigl: 
always  retains  some  water,  and  may,  besides,  contain  free  Bulphi 
in  fact,  it  always  contains  the  latter  in  cases  where  the  antiina 
solution,  besides  antimonious  salts,  contains  antimonic  acid 
pentachlonde  of  antimony,  since  the  precipitation  onder  thi 
circumstances  is  preceded  by  a  reduction  of  antimonic  to  antiii 
nious  compounds,  accompanied  by  separation  of  snlphur  (H.  Bos 
A  further  examination  of  the  precipitate  is  accordingly  indispen 
ble.  To  this  end,  treat  a  sample  of  the  weighed  precipitate  w 
strong  hydrochloric  acid.     If 

"  Zeitschr.  f.  anal.  Chem.  10,  843. 
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a.  The  sample  disaolTes  to  a  clear  fluid,  tliis  is  a  proof  that  the 
precipitate  only  containB  Sb^, ;  bnt  if 

b.  Snlphnr  separates,  this  shows  that  free  enlphnr  is  present. 
In  aiae  a  (in  order  to  remove  the  water  retained  at  100°)  the 

greater  portion  of  the  dried  precipitate  is  weighed  in  a  porcelain 
boat,  which  is  then  inserted  into  a  glass  tnbe,  abont  3  decimetres 
long;  a  slow  current  of  dry  carbon  dioxide  is  transmitted  through 
the  latter,  and  the  boat  cantiouely  heated  b;  means  of  a  lamp, 
moved  to  and  fro  nnder  it,  nntil  the  orange  precipitate  becomes 
black.  The  precipitate  is  then  allowed  to  cool  in  the  current  of 
carbon  dioxide,  and  weighed ;  from  the  amount  found,  the  total 
quantity  of  anhydrous  antimonioiis  sulphide  contained  in  the  entire 
precipitate  is  ascertained  by  a  simple  calculation.  The  resnlts  are 
aecorate.  Expt.  No.  84  gave  99-22  instead  of  100.  But  if  the 
precipitate  is  simply  dried  at  100",  the  results  are  about  3  per 
cent,  too  high — see  the  same  experiment.  For  the  properties  of 
tlie  precipitate,  see  §  90. 

In  ease  b,  the  precipitate  is  subjected  to  the  same  treatment  as 
in  a,  with  this  difference  only,  that  the  contents  of  the  boat  are 
heated  much  more  intensely,  and  the  process  is  continued  until  no 
more  snlphnr  is  expelled.  This  removes  the  whole  of  the  admixed 
Bnlphur;  the  residue  consists  of  pure  antimonions  sniphide.  It 
must  be  completely  soluble  in  fuming  hydrochloric  acid  on  heating. 

^  the  amount  of  the  precipitate  ia  small,  collect  it  in  a  weighed 
asbestos  filtering  tube,  dry  in  a  slow  current  of  carbon  dioxide  at  a 
gentle  heat,  heat  finally  rather  more  strongly  till  the  sulphide  haa 
tnmed  black  and  any  free  sulphur  present  has  volatilized,  allow  to 
cool,  replace  the  gas  in  the  tube  by  air,  and  weigh.  liesults  quite 
satisfactory.* 

For  the  method  of  estimating  the  antimony  in  the  sniphide 
volumetrically  and  indirectly,  see  8. 

2.  DeterminaUon  as  Antimony  Te^vofide, 

a.  In  the  case  of  antimonious  oxide  or  a  componnd  of  the 
eame  with  an  easily  volatile  or  decomposable  oxygen  acid,  evapo- 
rate carefully  with  nitric  acid,  and  ignite  finally  for  some  time  till 
the  weight  is  constant.  The  experiment  may  be  safely  made  in  a 
platinum  cmcibla  Witih  antimonic  acid,  the  evaporation  with 
nitric  acid  is  tmneoeoaiy. 

*  ZdUdtr.  f .  aaaL  Chem.  S.  166. 
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h.  If  antimonioas  sulphide  is  to  be  converted  into  antimc 
tetroxide,  one  of  the  two  following  methods  given  by  Biwsia.' 
employed : 

a.  Moisten  the  dry  salphide  of  antimony  with  a  few  drops 
nitric  acid  of  1'42  sp.  gr.,  then  treat,  in  a  weighed  poreel 
crucible,  with  concave  lid,  with  8 — 10  times  the  qaantitj 
fnming  nitric  acid,t  and  let  the  acid  gradually  evaporate  on 
water-bath.  The  snlphur  separates  at  first  as  a  fine  powder,  wk 
however,  is  readily  and  completely  oxidized  during  the  procesa 
evaporation.  The  white  residaal  mass  in  the  crucible  consists 
antimonic  acid  and  sulphuric  acid,  and  may  by  ignition  be  ( 
verted,  without  loss,  into  antimony  tetroxide.  If  the  sulphide 
antimony  contains  a  large  excess  of  free  sulphnr,  this  must 
removed  by  washing  witji  bisulphide  of  carbon. 

/3.  Mix  the  snlphide  of  antimony  with  30 — 50  times  its  guan 
of  pure  mercuric  oxide,j:  and  heat  tlie  mixture  gradually  in 
open  porcelain  crucible.  As  soon  as  oxidation  begins,  which  r 
be  known  by  the  sndden  evolution  of  gray  mercurial  fan 
moderate  the  heat.  When  the  evolution  of  mercurial  fni 
diminishes  raise  the  temperature  again,  always  taking  care,  h 
ever,  that  no  reducing  gases  come  in  contact  with  the  contents 
tlie  cmcible.  Remove  the  last  traces  of  mercuric  oxide  over 
blast  gas-lamp,  then  weigh  the  residual  fine  white  powder  of  a 
mony  tetroxide.  As  mercuric  oxide  generally  leaves  a  trifling  fi 
residue  upon  ignition,  the  amount  of  tliis  should  be  deteimii 
once  for  all,  the  mercuric  oxide  added  approximately  weighed,  j 
the  corresponding  amount  of  fixed  residue  deducted  from 
antimony  tetroxide.  The  volatilization  of  the  oxide  of  mere 
proceeds  much  more  rapidly  when  effected  in  a  platinnm  cruci 
instead  of  a  porcelain  one.  But,  if  a  platinnm  crucible  is  emplo; 
it  must  be  effectively  protected  from  the  action  of  antimony  n] 
it,  by  a  good  lining  of  mercuric  oxide,§    If  the  sulphide  of  ai 

•  Annal.  d.  Chem.  u.  Pharm.  106. 8. 

f  Nitric  acid  of  1  '42  ap.  gr,  ia  not  Biiitable  for  this  purpose,  as  ita  boiling  p 
is  almoat  10°  above  tlic  fusing  point  of  aulphur,  wbereas  furaiug  nitric  acid  b 
at  86°,  consequently  below  the  fusing  point  of  sulphur.  With  nitric  acid  oF  1 
sp.  gr..  therefore,  the  separated  sulphur  fuses  and  forma  drops,  which  obslinsi 
resist  oxidation. 

}  Prepared  by  precipitation  from  mercuric  chloride  b j  excess  of  soda  solnl 
and  tborongh  washing. 

g  This  ia  effected  best,  accordlngtoBuiresK,  in  the  following  way:  Soften 
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mony  coDtains  free  snlplinr,  this  moet  first  be  removed  by  washing 
with  bisulphide  of  carbon,  before  the  oxidation  can  be  proceeded 
with,  since  otherwise  a  slight  deflagration  is  unavoidable. 

According  to  later  experiments  made  by  Btjnbkm,*  it  is  some- 
what difficult  to  obtain  good  results  by  tJiis  method,  because  a 
temperature  a  little  above  that  required  to  reduce  Sb,0,  to  Sb,0, 
will  reduce  the  latter  Sb,0,,  Ignition  over  a  blast-lamp  in  a  very 
large  covered  platinum,  or  rather  large  open  porcelain  crucible,  keep- 
ing only  the  bottom  at  a  foil  red  heat,  is  recommended  as  a  method 
by  which  it  is  possible  to  drive  ofl  just  one  atom  O  from  Sb,0,, 
3.  Volumefy^  Methods. 

a.  CoTwernon  of  Antimomous  CMoride  to  Antimonie  Chlo- 
ride ly  Hydrochloric  Acid  and  Potassium  Chromate  or  Perman^ 
ganate. 

F.  EEBSLEB'ef  first  description  of  this  method  was  so  wanting 
in  precision,  that  it  conJd  not  be  depended  upon.  However,  he 
has  BiDoe:^  determined  most  accurately  the  conditions  under  wbidi 
antimony  in  acid  solution  may  be  satisfactorily  titrated  either  with 
potessium  ehromate  (the  excess  of  the  standard  solution  being 
determined  with  ferrous  sulphate)  or  with  potassium  permanganate. 

I.  TOration  wUk  Potassium  Piekromate. 
1.  KstiuisTrBS. 

a.  Standard  Solution  of  Arsenious  Acid.  Dissolve  exactly 
5  grm.  pare  arsenious  oxide  by  the  aid  of  some  soda  solution,  add 
hydrochloric  acid  till  slightly  acid,  then  100  c-c.  more  of  hydro- 
chloric acid  of  1'12  sp.  gr.,  and  dilute  to  1000  cc.  Each  c.c.  con- 
tains *005  grm.  arsenious  oxide  and  oorre^nds  to  -007374  antimo- 
nions  oxide. 

Kkled  end  of  a  common  t«8t-tube  before  the  g1aa8-blower*B  lamp ;  place  the 
■oftened  end  in  the  centre  of  the  platinum  crucible,  and  blow  into  it,  which  wiU 
cause  it  to  expand  and  aaaume  the  exact  form  of  the  interior  of  the  crucible. 
Crack  off  the  bottom  of  the  little  flaak  so  formed,  and  smooth  the  sharp  edges 
cantioaBlf  by  fusion.  A  glass  is  thus  obtained,  open  at  both  ends,  which  exsctly 
fits  the  crucible.  To  effect  the  lining  bjrneansof  this  instrument,  fllltbe  crucible 
looselj  with  mercuric  oxide  up  to  the  brim,  then  force  the  glass  gradually  and 
slowly  down  to  the  bottom  of  the  crucible,  occaaioD&lly  shaking  out  the  oxide 
of  mercury  from  the  interior  of  the  glass.  The  inside  of  the  crucible  ia  thus 
GOTeredwithalayerof  oxide  of  mercury -i — 1  line  thick,  which,  after  the  remoTal 
of  the  glass,  adheres  with  sufficient  firmness,  even  upon  ignition. 

*  Zdtschr.  f.  anal.  Chem.  18.  368,  \  Pogg.  Anns].  9fi,  204. 

}  tb.  118,  17;  and  Zeilechr.  f.  anal.  Chem.  2,  888. 
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p.  Solution  (yf  Potassium  Dichromaie.  Dissolve  abont  2'5  gn 
to  1  litre. 

y.  Solution  of  Ferrous  Sulphate.  Dissolve  about  1"1  grm-in 
wire  in  20  c.c  dilnte  sulphuric  acid  (1  to  4),  filter,  and  dilute 
I  litre. 

S.  Solution  of  Potassium  Ferricyanide.  Should  l)e  toleral 
dilnte  and  freshly  prepared. 

2.    DKTBSlCmATION   OF  THE    SOLTITIONH. 

a.  RdaUon  between  the  Solution  of  Chromate  and  the  Soliiti 
of  Ferrous  Sulphate,  Ran  into  a  beaker  10  c.c.  of  the  chromi 
solution  from  the  burette,  add  5  c.a  of  hydrochloric  acid  and 
cc.  water,  and  then  add  iron  solution  from  a  burette  till  the  flc 
is  green.  Continue  adding  the  iron  solution,  a  cc.  at  a  time,  t« 
ting  after  each  addition  whether  a  drop  of  the  fluid,  when  broog 
in  contact  with  a  drop  of  the  potassium  ferricyanide,  on  a  porcels 
plate,  manifests  a  distinct  reaction  for  ferrous  iron.  As  soon 
this  point  is  attained,  add  '5  cc.  of  cliromat«  solution  and  then  ir 
solution  two  drops  at  a  time,  till  the  blue  reaction  jnst  occu 
Now  read  off  both  burettes,  and  calculate  bow  much  chromi 
solution  corresponds  to  10  cc  of  iron  solution.  This  ezperimE 
is  to  be  repeated  before  eveiy  freah  series  of  analyses,  as  the  ir 
solution  gradually  oxidizes. 

fi.  Relation  between  the  Chromate  Solution  cmd  the  Solution 
Arsenioua  Acid.  Transfer  10  cc  of  the  arsenions  solution  to 
beaker,  add  20  ce.  hydrochloric  acid  of  1'2  sp.  gr,,  and  80 — li 
c.c*  water,  run  in  chromate  solution  till  the  yellow  color  of  t 
fluid  shows  an  excess,  wait  a  few  minutes,  add  excess  of  iron  sol 
tion,  then  again  -5  chromate  solution,  and  Anally  again  iron  sol 
tion  till  the  end-reaction  appears  (see  above).  Deduct  from  i 
total  quantity  of  chromate  solution  employed,  the  amount  eon 
sponding  to  the  iron  osed,  and  from  the  datum  thus  afforded  calc 
late  how  much  antimony  corresponds  to  100  cc  of  chromate  sol 
tion;  in  other  words,  how  much  antimony  is  converted  by  tl 
quantity  of  chromate  mentioned  from  SbCI,  into  SbCl,. 
8.  The  Actdal  Analysis. 

In  the  absence  of  organic  matter,  heavy  metallic  oxides,  and  oti) 

*  Hie  water  miut  be  meamired,  for  the  action  of  chromic  acid  on  usenio 
acid  (aod  alao  on  antimonioua  chloride)  is  normal  only  If  the  fluid  conUtloi 
least  one  sixth  of  its  volume  of  hydrochloric  acid  of  112  sp.  gr. 
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bodies  wMcb  are  detriment&i  to  tKe  reaction,  dissolve  the  antimo- 
nioofl  compound  at  once  in  hydrocliloric  acid.  The  solution  shoTiId 
contain  not  lees  than  ^  of  its  volume  of  hydrochloric  acid  of  1-12 
ep.  gr.  It  is  not  advisable,  on  the  other  hand,  that  it  should  con- 
tain more  than  i,  otherwise  the  end-reaction  with  potassium  ferri' 
Gfauide  is  slower  in  making  its  appearance  and  loses  its  nicety. 
Tartaric  acid  cannot  be  employed  as  a  solvent,  since  it  interferes 
with  the  action  of  chromic  acid  on  ferrons  salts.  Now  proceed  as 
directed  in  2.  If  the  direct  'determination  of  antimony  in  the 
hydrochloric  acid  solution  is  not  practicable,  precipitate  it  with 
hydrogen  sulphide.  Wash  the  precipitate,  transfer  it,  togetlier 
with  the  filter,  to  a  email  flask  ;  treat  it  with  a  sufficiency  of  hydro- 
chloric acid,  dissolve  by  digestion  on  the  water-bath,  add  a  suffi- 
cient quantity  of  a  nearly  saturated  solution  of  mercmic  chloride 
in  hydrochloric  acid  of  112  sp,  gr.  to  remove  the  hydrogen  snl- 
phide,  and  then  proceed  as  directed. 

11.  Titration  luith  Potassium  Perrrumganaie. 

Here  also  the  floid  mast  contain  at  least  ^  of  its  volome  of 
hydrochloric  acid  of  1.12  ep.  gr.  The  permanganate  solution, 
which  may  contain  about  1*5  grm.  of  the  crystallized  salt  in  a  litre, 
is  added  to  permanent  reddening.  The  end-reaction  ie  exact,  and 
the  conversion  of  antimonions  to  antimonic  chloride  goes  on  oni- 
formly,  althongh  the  degree  o£  dilation  may  vary,  provided  the 
above  relation  between  hydrochloric  acid  and  water  is  kept  up. 
It  is  not  well  that  the  hydrochloric  add  should  exceed  ^  of  the 
volume  of  the  fluid,  as  in  that  case  the  end-reaction  would  be  too 
transitory.  Tartaric  acid,  at  least  in  the  proportion  to  antimony  in 
,  which  it  exists  in  tartar  emetic,  does  not  interfere  with  the  reac- 
tion. Hence  the  permanganate  may  be  standardized  by  the  aid  of 
eolation  of  tartar  emetic  of  known  strength. 

If  you  have  to  analyze  antimonions  snlphide,  proceed  as  directed 
I.  3 ;  make  the  fluid  mixed  with  mercuric  chloride  up  to  a  certain 
volume,  allow  to  settle,  and  use  a  measnred  portion  of  ^eperfecSiif 
dear  solution  for  the  experiment. 

My  own  experiments*  have  shown  that  Eenleb's  methods  are 
also  Boitable  for  the  estimation  of  vety  small  quantities  of  anti- 
mony. 

*  ZdtMlir.  f.  anal.  Chem.  8,  165. 
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}.  Volutnetria  Estimation  hy  deUrmining  the  Hydrogm  Si 
phtJe  yiven  up  hy  the  Sulphide  (R.  Schneidke*). 

Both  antiraonioiiB  and  aDtimoiiic  euiphidee  yield  under  tl 
action  of  boiling  hydrochloric  acid  3  mol.  hydrogen  snlpliide  t 
every  2  atoms  of  antimony.  Hence,  if  the  amonnt  of  the  g 
evolved  under  ench  circumBtances  is  estimated,  the  gmoont  of  an 
mony  is  known. 

For  decomposing  the  sulphide  and  absorbing  the  gas,  the  Eai 
apparatne  serves  as  Bdnsen  employs  for  his  iodimetric  analyc 
(§  130).  The  size  of  the  boiUng-flask  sbonld  depend  on  the  qni 
tity  of  sulphide ;  for  quantities  up  to  '4  grm.  6b,S„  a  flask  of  1 
e.c.  is  lafge  enough ;  for  '4 — 1  grm.,  use  a  200  c.c.  flask.  The  ba 
of  the  flask  should  be  spherical,  the  neck  rather  narrow,  long,  u 
cylindrical.  If  the  sulphide  of  antimony  is  on  a  filter,  put  bo 
together  into  the  flask.  The  hydrochloric  acid  should  not  be  t 
concentrated. 

The  determination  of  the  hydrogen  sulphide  is  best  conduct 
according  to  the  method  given  in  §  148,  h.  The  results  obtaini 
by  Schneider  are  satisfactory.  If  the  precipitate  contains  an 
inonious  chloride,  the  results  are  of  course  false,  and  this  wou 
actually  be  the  case  if  on  precipitation  with  hydrogen  salplude  t 
addition  of  the  tartaric  acid  were  omitted. 

§126. 
4.  Tin  in  Stakmocs  Compounds,  and  5.  Tin  in  Stannic  Compouni 

a.  Solution. 

In  dissolving  compounds  of  tin  soluble  in  water,  a  little  hydi 
chloric  acid  is  ^dded  to  insure  a  clear  solution.  Kearly  all  t 
compounds  of  tin  insoluble  in  water  dissolve  in  hydrochloric  aci 
or  in  aqua  regia.  The  hydrate  of  metastannic  acid  may  be  dissolv' 
by  boiling  with  hydrochloric  acid,  decanting  the  fluid,  and  treatii 
the  residue  with  s  large  proportion  of  water.  Ignited  stannic  oxic 
and  stannic  compounds  insolable  in  acids,  are  prepared  for  aoluti' 
in  hydrochloric  acid,  by  reducing  them  to  the  state  of  a  fine  po 
der,  and  fusing  in  a  silver  crucible  with  potassium  or  sodin 
hydroxide,  in  excess.  Metallic  tin  is  dissolved  best  in  aqua  regi 
the  solution  frequently  contains  metastannic  chloride  mixed  wi 
the  stannic  chloride  (Th.  Scheerek+).    It  is  generally  determinf 

*  Pogg.  Anoal.  110,  634  \  Jouni.  f.  prakt.  Cbcm.  N.  F.  8.  47% 
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however,  by  oonvertiiig  it  into  stannic  oxide,  withont  previous 
solution.  Acid  solntions  of  stansic  salts,  which  contain  hydrochlo- 
ric acid,  or  a  chloride,  cannot  be  concentrated  by  evaporation,  not 
even  after  addition  of  nitric  acid  or  snlpharic  acid,  without  volatili- 
zation of  stannic  chloride  taking  place. 

S.  Determination. 

Tin  is  weighed  in  the  form  of  stannie  oxide,  into  which  it  is 
converted,  either  by  the  agency  of  nitric  acid,  or  by  precipitation 
as  stannic  (or  metastannic)  acid,  or  by  precipitation  as  sniphide.  A 
great  many  volumetric  methods  of  estimating  tin  have  been  pro- 
posed. They  all  depend  on  obtaining  the  tin  in  solution  in  the 
condition  of  stannous  chloride,  and  converting  this  into  stannic 
chloride  either  in  alkaline  or  acid  solation.  A  ^w  only  yield  satis- 
factory resnlta. 

We  may  convert  into 

STAinno  oxidb: 

a.  Sy  the  Agency  of  ]!fitrio  Acid.  Metallic  tin,  and  those  com- 
potinds  of  tin  which  contain  no  fixed  acid,  provided  no  compounds 
of  chlorine  be  present. 

b.  Sy  Precipitation  as  /^anmc  {or  MetasiimTUo)  Acid.  All  tin 
salts  of  volatile  acids,  provided  no  non-volatile  organic  substances 
Qor  ferric  salts  be  present. 

c.  By  PrecipUaiion  as  Sulphide.  All  compounds  of  tin  with- 
out exception. 

In  methods  a  and  c,  it  is  quite  indifterent  whether  the  tin  is 
present  as  a  stannous  or  a  stannic  compound.  The  method  h 
requires  the  tin  to  be  present  as  a  stannic  salt.  The  volumetric 
methods  may  be  employed  in  all  cases ;  but  the  estimation  is  simple 
and  direct  only  where  the  tin  is  in  solution  as  stannous  chloride 
and  free  from  other  oxidizable  bodies,  or  can  readily  be  brought 
into  this  state.  For  the  methods  of  determining  stannous  aud 
stannic  tin  in  presence  of  each  other,  I  refer  to  Section  T. 
1.  DeierrmneUion  of  Tin  as  Stanndo  Oxide. 

a.  By  Treating  wii/i  Nitric  Acid. 

This  method  is  resorted  to  principally  to  convert  the  metallic 
tin  into  stannic  oxide.  For  this  purpose  the  finely-divided  metal 
is  put  into  a  capacious  fiask,  and  moderately  concentrated  pure 
nitric  acid  (about  1*3  sp.  gr.)  gradually  poured  over  it ;  the  flask  is 
covered  with  a  watch  glass.     When  the  first  tumultuous  action  of 
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the  acid  has  somewhat  abated,  a  gentle  beat  is  applied  tiiitil  1 
metastannic  acid  formed  appears  of  a  pare  white  color,  and  furti 
action  of  the  acid  is  no  longer  perceptible.  The  contents  of  t 
flask  are  then  transferred  to  a  porcelain  dish  and  evaporated  oi 
water-bath  aearlj  to  dryness,  water  is  then  added,  and  the  preci 
tate  is  collected  on  a  filter,  washed,  till  the  washings  scarcely  n 
den  litmus  paper,  dried,  ignited,  and  weighed.  The  ignition 
effected  beet  in  a  small  porcelain  crucible,  according  to  §  53 ;  6i 
a  platinum  crucible  may  also  be  used.  A  simple  red  heat  is  i 
ei^cient  to  drive  o£E  all  the  water ;  the  ignition  most  therefore 
flniehed  over  a  gas  blowpipe.  Compounds  of  tin  which  contain 
fixed  Bubetancea  may  be  converted  into  stannic  ozide  by  treati 
them  in  a  porcelain  crucible  with  nitric  acid,  evaporating  to  d 
ncss,  and  igniting  the  residue.  If  snlpharic  acid  be  present,  t 
expulsion  of  that  acid  may  be  promoted,  in  the  last  stages  of  t 
process,  by  ammonium  carbonate,  as  in  the  case  of  acid  potssBic 
sulphate  (§  97)  ;  here  also  the  heat  must  be  increased  as  mncfi 
possible  at  the  end.  For  the  properties  of  the  residue,  see  §  i 
There  are  no  inherent  sources  of  error. 

h.  By  Precipitation  as  Stannic  (or  Metastannic)  Acid. 

The  application  of  this  method  presupposes  the  whole  of  t] 
tin  to  be  present  in  the  state  of  Btannic  salts.  Therefore,  if  a  Eol 
tiou  contains  stannous  salts,  either  mix  with  chlorine  water,  or  co 
duct  chlorine  gas  into  it,  or  heat  gently  with  chlorate  of  potase 
until  the  conversion  of  the  stannous  into  stannic  salts  is  eflecto 
"VThen  tliis  lias  been  done,  add  ammonia  until  a  permanent  preeipita 
just  begins  to  form,  and  then  hydrochloric  acid,  drop  by  drop,  nnl 
this  precipitate  is  completely  redissolved ;  by  this  means  a  lix^ 
excess  of  hydrochloric  aeid  in  the  solution  will  be  avoided.  Ad 
to  the  fluid  so  prepared  a  concentrated  solution  of  ammonim 
nitrate  (or  sodium  snlphate),  and  apply  heat  for  some  time,  wben 
upon  the  whole  of  the  tin  will  precipitate  as  stannic  acid.  Dwar 
three  times  on  to  a  filter,  then  collect  the  precipitate  on  the  lattf 
wash  thoroughly,  dry,  and  ignite.  To  make  qnite  sure  that  th 
whole  of  the  tin  has  separated,  you  need  simply,  before  proceedia 
to  filter,  add  a  few  drops  of  the  clear  supernatant  fluid  to  a  li" 
solution  of  ammonium  nitrate,  or  sodium  sulphate,  when  the  ioi 
mation  or  non-formation  of  a  precipitate  will  at  once  decide  tl* 
question.  The  tin  is  also  precipitated  from  metastannic  chloridi 
by  the  above  reagents. 
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Thifl  method,  which  we  owe  to  J.  Lowesthal,  hae  been  repeat- 
edly tested  by  him  in  my  own  laboratory,*  ib  easy  and  convenient, 
and  givea  very  aeearate  reenltB.  The  deconipofiition  is  expressed 
by  the  equation,  SnCl.  +  4Na,SO.  +  3H.0  =  H,SnO.  +  4NaCl 
+  4NaHS0„  or  in  precipitating  with  ammoniom  nitrate :  SnCI, 
+  4NH.no,  +  3H,0  =  H,SnO,  +  4NH.C1  +4HN0,. 

Tin  may  also,  according  to  H,  RoBE,t  be  completely  precipi- 
tated from  Btannic  solntious  by  enlphnric  acid.  K  the  solution 
contains  metastannic  acid  or  metastannic  chloride,  the  precipitation 
is  effected  withont  extraordinary  dilution ;  the  other  stannic  com- 
pounds, however,  require  very  considerable  dilution.  If  free 
liydrochloric  acid  is  absent,  the  precipitation  is  rapid ;  in  other 
cases  12  or  24  hours  at  least  are  required  for  perfect  precipitation. 
Allow  to  settle  thoroughly,  before  filtering,  wash  well  (if  hydro- 
chloric acid  was  present,  till  the  washings  give  no  tnrbidity  with 
silver  nitrate),  dry  and  ignite,  at  last  intensely  with  addition  of 
some  ammonium  carbonate.  The  results  obtained  by  Obstbs,  and 
communicated  by  H.  Kobe,  are  exact. 

<T.  By  Preeipitation  as  Sianntms  or  Stan/nie  Sulphide. 
Precipitate  the  dilate  moderately  acid  solution  with  hydrogen 
sulphide  water  or  gas.  If  the  tin  was  present  in  the  solution  as  a 
stannous  salt,  and  the  precipitate  consiete  accordingly  of  the  brown 
stannous  sulphide,  keep  the  solution,  supersaturatwi  with  hydrogen 
sulphide,  standing  for  half  an  hour  in  a  moderately  warm  place, 
and  then  filter.  If,  on  the  other  hand,  the  solution  contain  a  stan- 
nic salt,  or  metastannic  acid,  and  the  precipitate  is  yellow  and  consists 
of  stannic  sulphide  mixed  with  stannic  oxide,  or  yellowish  brown 
and  consists  of  hydrated  metastannic  sulphide  mixed  with  meta- 
stannic acid  (Barfoed,  p.  189,  Tu.  ScnEEREs^),  put  the  fluid, 
loosely  covered,  in  a  warm  place,  until  the  odor  of  hydrogen  snl- 
phide  has  nearly  gone  off,  and  then  filter.  The  washing  of  the 
stannic  sulphide  precipitate,  which  has  a  great  inclination  to  pass 
through  the  filter,  is  best  effected  with  a  t»>ncentrated  solution  of 
sodium  chloride,  the  remains  of  the  latter  being  got  rid  of  by  a 
solution  of  ammonium  acetate  containing  a  small  excess  of  acetic 
acid.  If  there  is  no  objection  to  having  the  latter  salt  in  the  fil- 
trate, the  washing  may  be  entirely  effected  by  its  means  (Bdnsen§). 

■  Journ.  f.  prakt  Chem.  S6,  366.  f  Pogg.  Anital.  IIS,  164. 

%  JoOTTL  f.  piakt  Chem.  N.  F.  8, 472.     g  AnoaL  d.  Chem.  u.  Pharm.  106,  la 
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TraoBfer  the  dry  precipitate  sa  completely  as  poeaible  to  a  wat 
glass,  bam  the  filter  carefully  in  a  weighed  porcelain  crneib 
moisten  the  aah  with  nitric  acid,  ignite,  allow  to  cool,  add  the  p: 
cipitate,  cover  the  crucible,  heat  gently  for  some  time  (slight  decK 
itation  often  occnrs),  remove  the  lid  and  heat  gently  with  access 
air,  till  sulphnr  dioxide  has  almost  ceased  to  be  formed.  (If  t 
much  heat  is  applied  at  first,  stannic  sulphide  volatilizes,  the  fom 
of  which  give  stannic  oxide.)  Now  heat  stroogly,  allow  to  eo 
and  heat  repeatedly  with  pieces  of  ammonium  carbonate  to  a  hi 
degree,  to  drive  oat  the  last  portions  of  salphoric  acid.  When  t 
weight  remains  constant  tlie  experiment  is  ended  (H.  Bose).  f 
the  properties  of  the  precipitates,  see  §  91.  The  reeolts  are  an 
rate. 

2.  Ydv/metric  Methods. 

The  determination  of  tin  by  the  conversion  of  stannons  ii 
stannic  chloride  with  the  aid  of  oxidizing  agents  (potassinm  dich 
mate  iodine,  potassium  permanganate,  etc.)offers  peculiar  di£Bctilti 
inasmuch  as  on  the  one  hand  the  stannous  chloride  takes  np  oxyg 
from  the  air  and  from  the  water  used  for  dilation,  with  more 
lees  rapidity,  according  te  circumstances ;  and  on  the  other  bai 
the  energy  of  the  oxidizing  agent  is  not  always  the  same,  bei 
influenced  by  the  state  of  dilution  and  the  presence  of  a  larger 
smaller  excess  of  acid. 

In  the  following  methods,  these  sonrces  of  error  are  avoided 
limited  in  such  a  manner  as  to  render  the  resnlts  satisfactory. 
1.  Determination  of  Stannous  Chloride  hy  Iodine 
Alkaline  Solution  {after  Lebbkn*). 

DisBolve  the  stannous  salt  or  the  metallic  tinf  in  hydrochio 
ncid  (preferably  in  a  stream  of  carbon  dioxide),  add  Kocbelle  a 
then  sodium  hydrogen  carbonate  in  excess.  To  the  clear  sligbi 
alkaline  solution  thus  formed  add  some  starch-solution,  and  aft: 
wards  tlie  iodine  solution  of  §  116,  till  a  permanent  blue  colorati 
appears.    2  at.  free  iodine  used  corrraponds  to  1  at.  tin. 

Lenssen's  results  are  entirely  satisfactoiy. 

*  Jouni.  f.  prakt.  Chem.  78,  300;  Annsl.  d  Cbem.  n.  Fharm.  1]4. 118. 

I  The  Bolution  of  metallic  tin  U  much  aadsted  b7  the  preaence  of  platiiii 
foU,  which  ia  accordinglf  added.  Lshbbbh  found  this  addition  of  platinim 
be  object  ion  able;  but  no  other  experimenter  haa  oboerred  that  it  intnferea  w 
the  accuracy  of  the  reaulto. 
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2.  DeUrmination  of  SUmtums  Chloride  afUr  addition 
of  Ferric  Chloride. 

The  fact  that  stannone  chloride  in  acid  Bolution  can  be  far  more 
accarately  converted  into  stannic  bj  oxidizing  agents  after  being 
mixed  with"  ferric  diloride  (or  even  with  cnpric  chloride)  than 
withont  this  addition,  was  first  settled  by  Lowbntkal,*  Sub- 
sequently STKouEVERt  pabliehed  some  experiments  leading  to  the 
same  resalts,  together  with  practical  remarks  on  the  beet  way  of 
carrying  out  the  method  in  different  caeee.  The  processes  thoB 
originated,  and  which  have  been  well  tested,  are  as  follows : 

a.  The  given  snbetanee  is  a  stannous  salt.  Dissolve  in  pore 
ferric  chloride  (free  from  ferrous  chloride)  with  addition  of  hydro- 
chloric acid,  dilute  and  add  standard  permanganate  from  the 
burette.  Now  make  another  experiment  with  the  same  quantity 
of  water  similarly  colored  with  ferric  chloride  to  ascertain  how 
much  permanganate  is  required  to  tinge  the  liquid,  and  subtract 
the  quantity  so  used  from  the  amount  employed  in  the  aotnal 
analysis,  and  from  the  remainder  calculate  the  tin. 

The  reaction  between  the  tin  salt  and  the  iron  solution  is  SnCl, 
+  Fe,Cl.=  SnCl.+2FeC],.  The  solution  thus  contains  ferrous 
chloride  in  the  place  of  BtaunouB  salt,  the  former  being,  as  is  well 
known,  far  less  susceptible  of  alteration  from  the  action  of  free 
oxygen  than  the  latter.  2  at.  iron  found  correspond  to  1  at.  tin. 
It  must  not  be  forgotten  that  the  titration  takes  place  in  presence 
of  hydrochloric  acid.  The  results  cannot  be  considered  accurate 
unless  the  standardizing  of  the  permanganate  and  the  analysis  take 
place  nnder  similar  conditions  as  regards  dilution  and  amount  of 
hydrochloric  acid. 

h.  The  given  eabetance  is  metallic  tin.  Either  dissolve  in 
hydrochloric  acid — preferably  with  addition  of  platinum  and  in  an 
atmosphere  of  carbon  dioxide — and  treat  the  solution  according  to 
a,  or  pUce  the  substance  at  once  in  a  concentrated  solution  of  ferric 
chloride  mixed  with  a  little  hydrochloric  acid ;  under  these  cir- 
cnmstauces  it  will,  if  finely  divided,  dissolve  quickly  even  in  the 
cold  and  without  evolution  of  hydrogen.  Gentle  warming  is 
unobjectionable.  Now  add  the  permanganate.  The  reaction  is 
Sn-|-2Fe,Cl,=SnCl,  +  4FeCl„  therefore  every  4  at.  iron  found 
reduced  correspond  to  1  at.  tin.     The  results  «n  of  course  only 

'  Jonn.  t.  prakt  Cbem.  76,  4B4.     t  Aniial.  d.  Cbem.  a..Pbarm..ll7,.3ai.. 
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iorrect  when  iron  is  not  present.    Where  this  is  the  ca«e,  procee 
sith  the  impure  tin  solution  according  to  c. 

c.  The  given  substance  is  stannic  chloride  or  stannic  oxide,  or 
iompoiind  of  tin  containing  iron.  Dissolve  in  water  with  additio 
)f  liydrochloric  acid,  place  a  plate  of  zinc  in  the  sohition  and  alio" 
;o  stand  twelve  hours,  then  remove  the  precipitated  tin  with 
inish,  wash  it,  dissolve  in  ferric  chloride,  and  proceed  as  in  b. 

d.  The  given  Babstance  is  pure  stannic  sulphide,  precipitate 
>nt  of  an  acid  btannic  solution  containing  no  stannous  saJt.  Mi 
with  ferric  chloride,  heat  gently,  filter  off  the  sulphur,  and  the 
uJd  the  permanganate.  4  at.  iron  correspond  to  1  at,  tin,  for  S 
5,  +  2Fe,CI.=SnCl,  +  4FeCI,+  2S.  The  resnlts  obtained  1 
Stromeyer  are  qnito  satisfactory.  As  regards  the  precipitate 
itannic  sulphide,  see  Basfoed,  p.  189. 

§127. 
6.  AsBEinous  Acid,  and  7.  Absekic  Acid. 

a.  Sdution. 

The  cooiponDds  of  arsenione  and  arsenic  acids  which  are  m 
soluble  in  water  are  dissolved  in  hydrochloric  acid  or  in  nitrohydr 
ihloric  acid.  Some  native  arsenates  require  fusing  with  eodim 
»rbonate.  Metallic  arsenic,  arsenious  sulphide,  and  metallic  aree 
idea  are  dissolved  in  fuming  nitric  acid  or  nitrohydrochloric  aci' 
sr  a  solution  of  bromine  in  hydrochloric  acid ;  those  metal) 
irsenides  which  are  insoluble  in  these  menstrua  are  fused  wit 
iodium  carbonate  and  potassium  nitrate,  by  which  means  they  ai 
Eonvert«d  into  soluble  alkali  arsenates  and  insoluble  metallic  oxide 
or  they  may  be  suspended  in  potassa  solution  and  treated  wil 
chlorine  (§  164,  137  and  138).  In  this  last  manner,  too,  argenioi 
sulphide,  dissolved  iu  concentrated  potassa,  may  be  very  easily  rei 
Jered  soluble.  All  solutions  of  compounds  of  arsenic  which  ha> 
been  effected  by  long  heating  with  fuming  nitric  acid,  or  by  warn 
ing  with  excess  of  nitrohydrochloric  acid,  or  chlorine,  contai 
uisenic  acid.  A  solution  of  arsenions  acid  in  hydrochloric  aci 
cannot  be  concentrated  by  evaporation,  since  arsenions  chloric 
would  escape  with  the  hydrochloric  acid  fumes.  This,  howeve 
[ess  readily  takes  place  if  the  solution  contains  arsenic  acid ;  i 
fact,  it  only  occurs  in  the  presence  of  a  large  proportion  of  hydr 
chloric.&cid  (for  instance,  half  the  volume  of  hydrochloric  acid  ( 
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112  sp,  gr,*).  It  ia  therefore  advisable  in  most  cases  where  a 
hydrochloric  acid  Bolation  containing  arsenic  is  to  be  concentrated, 
previously  to  render  the  same  alkaline, 

S,  Determination. 

Arsenic  ia  weighed  as  Uad  arsenate,  as  am-monium  magneiinm 
arsenate,  a»  magnesium. pyroaraenate,  bb  uranyl  p^^roarsenate,  ot  Ba 
arsenious  sulphide.  The  determination  as  ammonium  magnesium 
arsenate  is  sometimes  preceded  by  precipitation  ae  ftnimoniom 
arsenio-molybdate.  The  method  recommended  by  Berthieb  and 
modified  by  v.  Kobell  of  separating  the  arsenic  as  basic  ferric 
arsenate  is  only  naed  in  separations.  Arsenic  may  be  estimated  also 
in  an  indirect  way,  and  by  voLumetric  methods. 

We  may  convert  into 

1.  Lead  Absekate  :  Areenioos  and  arsenic  acids  in  aqneotis  or 
nitric  acid  solntion.  (Acids  or  halc^ns  forming  fixed  salts  with 
lead,  and  also  ammoniam  salts,  most  not  be  present.) 

2.  Ammonium  Maonssium  Arsenate,  or  Maonebittu  Fitro- 

A^  EH ATE : 

a.  By  direct  Precipitation.  Arsenic  acid  in  all  solntions  free 
from  bases  or  acids  precipitable  by  magnesia  or  ammonia. 

J).  Preceded  by  Precipitaiian  as  Ammonium.  Arseti,{o-molyb- 
date.  Arsenic  acids  in  all  cases  where  no  phosphoric  acid  is  present, 
httle  or  DO  hydrochloric  acid,  nor  any  sabstance  which  decomposes 
molybdic  acid. 

8.  UsANTL  Fyboabsenate  '.  Arsenic  acid  in  all  combinations 
soluble  in  water  and  acetic  add. 

4.  AsBEHiouB  SuLPHniE :  AH  compounds  of  arsenic  withont 
exception. 

ArBenic  may  be  determined  volnmetrically  in  a  simple  and 
exact  manner,  whether  present  in  the  form  of  arsenious  acid  or  an 
alkali  arsenite,  or  as  arsenic  a<ud  or  an  alkali  arsenate.  The  volu- 
metric methods  have  now  almost  entirely  superseded  the  indirect 
gravimetric  methods  formerly  employed  to  effect  the  determination 
of  arseiiioiis  acid. 

1.  Determination  as  Lead  Arsenate, 

a.  Arsenic  Acid  m  Aqueous  Solution, 

A  weighed  portion  of  ihe  solntion  is  put  iato  a  platinnm  or 
porcelain  dish,  and  a  weighed  amount  of  recently  ignited  pure  lead 

•  ZdtMhT.  f.  Cliem.  1,  448. 
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oxide  added  (abont  five  or  six  times  the  supposed  quantity  of  ar 
nic  acid  present) ;  the  mixtnre  ia  cautioosly  evaporated  to  drym 
and  the  residue  tieated  to  gentle  redness,  and  maintained  boi 
time  at  tiiis  temperature.  The  residue  is  lead  arsenate  +  k 
oxide.  The  quantity  of  arsenic  acid  is  now  readily  found  by  si 
ti'acting  from  the  weight  of  the  residue  that  of  the  oxide  of  le 
added.  For  the  properties  of  lead  arsenate,  see  §  92,  The  resu 
are  accurate,  provided  the  residue  be  not  heated  beyond  gentle  n 
iiess. 

b.  Arsenunie  Acid  in  Solution. 

Mix  the  solution  with  nitric  acid,  evaporate  to  a  small  bal 
add  a  weighed  quantity  of  lead  oxide  in  excess,  evaporate  to  dr 
ness,  and  ignite  the  residue  most  cautiously  in  a  covered  cmcib] 
until  the  whole  of  the  lead  nitrate  is  decomposed.  The  residi 
consists  here  also  of  arsenic  acid  -|-  lead  oxide.  This  metbt 
requires  considerable  care  to  guard  against  loss  by  decrepitatii 
upon  ignition  of  the  lead  nitrate. 

2.  Estimation  as  Ammonium  Magnesium  ArtffMit, 
Magrte»iv,m,  Pyroaraenate. 

a.  By  direct  Precipitati(m. 

This  method,  wliich  was  first  recommended  by  Levol,  presi 
poses  the  wholo  of  the  arsenic  in  the  form  of  arsenic  acid.  Whe 
this  is  not  the  case,  the  solution  is  gently  heated,  in  a  capacio 
flask,  with  hydrochloric  acid,  and  potassium  chlorate  added 
small  portions,  until  the  fluid  emits  a  strong  smell  of  chlorous  aci 
it  is  then  allowed  to  stand  at  a  gentle  heat  until  the  odor  of  tl 
gas  is  nearly  gone  off. 

The  arsenic  acid  solution  is  now  mixed  with  ammonia  in  exce 
which  must  not  produce  turbidity,  even  after  standing  some  tim 
magnesia  mixture  is  then  added  (p.  113,  g  62, 6).  The  fluid,  whi 
smells  strongly  of  ammonia,  is  allowed  to  stand  24  or  48  honre 
the  cold,  well  covered,  and  then  filtered  through  a  weighed  filb 
Tlie  precipitate  is  then  transfeiTcd  to  the  filter,  with  the  aid 
portions  of  the  filtrate,  so  as  to  use  no  more  washing  water  thi 
necessary,  and  washed  with  small  quantities  of  a  mixture  of  thr 
parts  water  and  one  part  ammonia,  till  the  washings,  on  beii 
mixed  with  nitric  acid  and  silver  nitrate,  show  no  opalescence.  T) 
precipitate  is  dried  at  102°  to  103°,  and  weighed.     It  has  the  fo 
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mula  (MgNH,AsO,),+H,0.*  As  tlie  drjiiig  of  ammonium  m^- 
nesium  arsenate  till  ita  weight  ie  coiiBtant,  requires  mticli  time  and 
repeated  weigliingB,  it  is  a  great  advantage  that  we  can  now  con- 
vert it  without  loss  of  arsenic  into  magnesium  pyroarsenate  (Mg, 
ASjO,),  thanks  to  the  researches  of  H.  RoaE,t  TVmBTBiNt  and 
P[;ller.§  For  this  parpose  first  transfer  the  dried  precipitate  as 
completely  as  possible  to  a  watch-glass,  saturate  the  iilt«r  with 
a  solution  of  ammonium  nitrate,  dry  and  hum  it  cautiously  in  a 
porcelain  crucible.  After  cooling,  transfer  the  precipitate  to  the 
cmcible,  heat  in  an  air-bath  to  about  130°,  continue  heating  for  2 
hours  on  a  sand-bath,  then  heat  for  an  hour  or  two  ou  an  iron  plate 
a  little  more  stronglr,  and  when  the  ammonia  has  been  thus  entirely 
expelled  ignite  str%gly  for  some  time  over  the  lamp.  The  pro- 
cess may  be  shortened  by  conducting  the  heating  in  a  Hose's  cruci- 
ble in  a  slow  current  of  oxygen.  The  ammonia  may  then  be 
driven  oS  in  10  minutes,  and  after  the  precipitate  has  been  at  last 
strongly  heated  it  will  be  ready  to  weigh.  For  the  properties  of 
the  ammonium  magnesium  arsenate  and  magnesium  pyroarsenate, 
see  §  92.  The  metiiod  yields  satisfactory  results,  since  the  small 
loss  of  precipitate  dissolved  in  the  filtrate  and  washings  is  coun- 
terbalanced by  the  pr^ence  of  a  trace  of  basic  magnesium  sulphate 
(Puller).  Pulleb  with  a  quantity  of  ■  37  grm.  ammonium  mag- 
nesium arsenate  lost  only  a  fraction  of  a  milligramme  ;  on  the  ad- 
dition of  a  large  proportion  of  ammoninm  chloride  the  loss  rose  to 
about  -002  grm.  ■  The  correction  for  the  solubility  of  the  precipi- 
tate in  the  ammoniacal  filtrate  containining  excess  of  magnesia 
mixture  is  -001  grm.  of  (MgNH,A80,),+H,0  for  80  c.c 

h.  P'receded  J)y  Preci^iiatian  as  AmmoniuTn  Araenio-molyb- 
date. 

Mix  the  acid  solution,  which  must  be  free  from  phosphoric  and 
silicic  acids,  with  au  excess  of  solution  of  ammonium  molybdate. 
The  ammonium  molybdate  solution  should  have  been  previously 
mixed  with  nitric  acid  ia  excess,  and  the  whole  process  is  con- 
ducted exactly  as  in  the  case  of  phosphoric  acid — see  §  134,  5,  ^. 

*  If  it  is  dried  In  a  water-batb,  the  drjing  must  be  extremely  prolonged, 
or  otherwise  more  than  1  eq,  will  be  left.  After  brief  drying  in  tiie  water-balh 
the  compoond  contains  between  1  and  8  eq.  water.  If  it  Is  dried  between  lOS* 
and  110°,  part  of  the  1  eq.  water  is  lost. 

f  His  Handbuch  der  anal.  Chem.  6  Aufl.  3,  890. 

X  Zeitschr.  f.  anal.  Chem.  %,  19.  §  lb.  10.  68. 
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After  diesolving  the  ammonium  areenio-molybdate  in  ammon 
neutralize  the  latter  partiallj  with  hydrochloric  acid.  Treat  t 
ammoaium  magnesinm  arBeaate  as  in  a.     Besnits  eatisfactory. 

3.  Estimation  as  XJrwnyl  Pyroa/rsetyile. 

This  method  was  firet  proposed  by  "Wekthkb.*  It  has  be 
carefully  atadied  by  Pullbe-I"  in  my  laboratory,  and  gives  tin 
ouglily  satisfactory  resalts.  Mix  the  arsenic  acid  solntioo  wi 
potash  or  ammonia  in  excess,  and  then  a  good  excess  of  acetic  ac 
(If  a  precipitate  of  ferric  or  aluminium  arsenate  here  remu 
inBoluble,  the  method  would  be  inapplicable.)  Add  uranyl  acet^ 
in  excess,  and  boil.  Wash  the  slimy  precipitate  of  iiranyl  arsent 
or  of  ammonium  uranyl  arsenate  by  decantation,with  boiling  wati 
and  then  transfer  to  a  filter.  The  addition  of  a  few  drops  of  eh 
roform  to  the  partly  cool  fluid  will  hasten  the  deposition  of  the  pi 
cipitate.  Dry,  transfer  tlie  precipitate  to  a  watch-glaes,  cleanii 
the  filter  as  much  as  possible  :  saturate  the  latter  witli  animoDiii 
nitrate,  dry  it,  incinerate  in  a  porcelain  crucible,  and  add  the  pi 
cipitate.  If  the  precipitate  contains  ammonium,  heat  very  cs 
tiously,  finally  adding  nitric  acid,  or  ignite  in  oxygen.  (See  2,  i 
If  the  precipitate  is  free  from  ammonium,  ignite  in  the  ordina 
way.  Ammonium  salts  do  not  interfere.  Properties  of  the  pi 
cipitate  and  residue,  g  92,  e. 

4.  Estimation  as  Arsenioug  Sulphide. 

a.  In  sohititms  of  Arsenioua  Acid  or  ArsMiies  freefra 
Arsenic  Acid. 

The  solution  should  be  strongly  acid  with  hydrochloric  aci 
Precipitate  with  hydrogen  sulphide  and  expel  the  excess  with  ci 
bon  dioxide.  Pass  the  latter  through  the  solution  for  an  lour. 
longer  time  is  useless.  (See  §  125,  1.)  Wash  the  precipitate  tin 
oughly  and  di-y  at  100°  till  the  weight  is  constant.  Particles 
the  precipitate  which  adhere  so  firmly  to  the  glass  that  they  ea 
liot  be  removed  mechanically  are  dissolved  in  ammonia  and  repi 
cipitated  with  hydrocholric  acid.  Properties  of  the  precipital 
§  92.  Do  not  omit  to  test  a  weighed  portion  to  see  whether 
completely  volatilizes  on  heating.  If  a  residue  remains  it  is  to  I 
weighed  and  the  proportional  quantity  deducted  from  the  tot 
weight  of  the  precipitate.    Eesults  accurate. 

•  Journ.  f.  prakt.  Chem.  43,  846.         t  Zeitschr.  t  analft,  Chem.  10, 73. 
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If  tlie  BoIntioQ  contaiDs  any  substance  which  decomposes  hydro- 
gen sulphide,  euch  as  ferric  chloride,  chromic  acid,  etc.,  the  precip- 
itate produced  in  the  cold  contains  an  adniixtnre  of  finely  divided  ■ 
snlphur.  It  should  be  collected  in  the  same  manner  on  a  filter 
dried  at  100°,  and  weighed,  waahed  and  dried.  Extract  the 
admixed  sulphur  with  purified  carbon  disulphide  (which  ehonld 
leave  no  residue  on  evaporation),  continuing  till  the  fluid  which 
mas  through  leaves  no  residue.  Dry  at  100°  till  the  weight  is 
coDStant.  From  experiments  made  in  my  laboratory  it  appears 
that  the  regulte  thus  obtained  are  quite  accurate,  even  when  the 
amount  of  admixed  sulphur  is  large  ;  but  the  precipitation  must 
have  been  effected  in  the  cold.  If,  on  the  contraiy,  heat  is  used, 
the  sulphur  is  in  the  form  of  small  agglutinated  grains  and  cannot 
be  completely  extracted  by  cold  carbon  disulphide  on  the  filter. 
However,  it  may  be  extracted  by  removing  the  precipitate  from  the 
filter  and  repeatedly  digesting  it  with  the  disulphide  on  a  water- 
bath  (Puller*). 

Instead  of  purifying  the  arsenious  sulphide  you  may  estimate 
the  arsenic  in  the  mixture  of  the  sulphide  with  sulphur  aa  follows : 
Dissolve  the  precipitate  in  sti-ong  potash,  and  pass  chlorine  into  the 
solution  (§  lis,  II.  2,  h).  The  arsenic  and  the  sulphur  aro  con- 
verted into  arsenic  and  sulphuric  acid  respectively ;  the  former 
may  be  estimated  according  to  2,  a,  or  the  latter  according  to  §  132. 
In  the  latter  case,  deduct  the  sulphur  found  from  the  weight  of  the 
arsenical  precipitate.  There  is  no  loss  of  arsenic  in  this  process 
from  volatilization  of  the  chloride,  as  the  solution  remains  alkaline. 
The  object  may  also  be  conveniently  attained  by  the  use  of  nitric 
acid.  A  very  strong  fuming  acid,  of  86°  boiling  point,  is 
employed  ;  an  acid  of  1  ■  42  sp.  gr.  which  boils  at  a  higher  tempera- 
ture does  not  answer  the  purpose,  as  the  separated  sulphur  would 
fuse,  and  its  oxidation  would  be  much  retarded.  The  well  dried 
precipitate  is  shaken  into  a  small  porcelain  dish,  treated  with  a  tol- 
erably large  excess  of  the  fuming  nitric  acid,  the  dish  immediately 
covered  with  a  watch-glass,  and  as  soon  as  the  tnrbnlence  of  the 
first  action  has  somewhat  abated,  heated  on  a  water-bath  till  all  the 
sulphur  has  disappeared,  and  the  nitric  acid  has  evaporated  to  a 
small  volume.  The  filter  to  which  the  unremovable  traces  of 
arBeDions  sulphide  adhere  is  treated  separately  in  the  same  manner, 

*  Zeitschr.  I.  anaL  Cbem.  10,  46  et  acq. 
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the  complete  destruction  of  the  oi^anic  matter  being  finally  efied 
hj  gently  warming  the  somewhat  dilute  solution  with  potassii 
chlorate  (Bunskn*),  Or  the  filter  may  instead  be  extracted  w 
ammonia,  the  solution  evaporated  in  a  separate  dieli,  anil  the  rei 
nal  sulphide  treated  as  above.  In  the  mixed  solution  the  arse 
acid  is  finally  precipitated  as  ammonions  magnesium  areena 
(§  127,  2,  a).  Treatment  of  the  impure  precipitate  with  ammoi 
whereby  the  sulphide  is  dissolved,  and  the  sulphur  is  supposed 
remain  behind,  only  gives  approximate  results,  as  the  ammonia 
solution  of  arsenious  sulphide  takes  up  a  little  sulphur. 

b.  In  solutitms  of  Arsenic  Add,  or  of  a  mixture  of  the  t 
Oxides  of  Arsenic. 

Heat  the  solution  in  a  flask  (preferably  on  an  iron  plate) 
about  70°,  and  conduct  hydrogen  sulphide  at  the  same  time  ii 
tlie  fluid,  as  long  as  precipitation  takes  place.  The  precipit 
formed  is  always  a  mixture  of  sulphur  and  arsenious  sulphide,  aii 
the  arsenic  acid  is  first  reduced  to  arsenious  acid  with  separation 
sulphur,  and  then  the  latter  is  decomposed  (II.  llosEf).  Onlj 
the  case  when  a  snlphosalt  containing  pentasulphide  of  arsenic 
decomposed  with  an  acid,  is  the  precipitate  actually  pentasulphi 
and  not  merely  a  mixture  of  sulphur  with  arsenious  sulphide  I 
FdchsJ),  To  convert  this  mixture  of  arsenious  sulphide  i 
granular  sulphur  into  pure  arsenious  snlpbide,  suitable  for  wei] 
ing,  treat  it  as  follows :  Extract  the  washed  and  still  moist  f 
cipitate  on  the  filter  with  ammonia,  wash  the  residua)  snlph 
precipitate  the  solution  with  hydrochloric  acid  without  heat, 
ter,  dry,  extract  with  carbon  disulpliide,  dry  at  100°,  and  weij 
Results  accurate.  The  mixture  of  arsenious  sulphide  and  snip! 
obtained  by  hot  precipitation  may,  of  course,  also  be  estirai: 
directly  or  indirectly  after  one  of  the  other  methods  in  4,  a. 
5.  Volumetric  Methods. 

a.  Method  which  pres^tpposes  the  presence  of  Arsenious  Aci 

Bunsen's  method.§  This  method  is  based  upon  the  followi 
facte: 

aa.  If  potassium  dichromate  is  boiled  with  concentrated  hyd 
chloric  acid,  6  at.  chlorine  are  disengaged  to  every  2  mol.  chror 
acid  2CrO,  +  12HC1  =  Cr.Cl,  +  6H,0  +  6C1. 

•  Annal.  d.  Chem.  u.  Pbann.  106,  10.  t  Pogg.  Anns).  107. 166. 

tZeiUcbr.  f.  anal.  Chain.  1, 160.      g  Anital.  d.  Chem.  u.  Pharm.  86,  390. 
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a.  Bat  if  arBenione  acid  ie  present  (not  in  ezcese)  there  is  not 
the  qtiaiitity  of  clilorine  disenga^d  corresponding  to  the  chromic 
acid,  bat  so  macb  less  of  that  element  as  is  required  to  convert  the 
areenioaB  into  arsenic  acid  (HjAsO,  +  2C1  +  H,0  =  H.AbO,  +  2 
HCl).  Cooseqnentlj,  for  every  2  at.  chlorine  wanting  is  to  be 
reckoned  1  mol.  arsenioas  acid. 

cc.  The  quantity  of  chlorine  is  estimated  by  determining  the 
quantity  of  iodine  liberated  by  it  from  potaaetnm  iodide. 

These  are  the  principles  of  Bcnbem's  metliod.  For  the  manner 
of  execution  I  refer  to  the  Estimation  of  Chromic  Acid. 

b.  Method,  which  preauppoaea  the  presence  of  Araentc  Acid. 
This  method  depends  on  the  precipitation  of  the  arsenic  acid 

by  araniom  solution  and  the  recognition  of  the  end  of  the  reaction 
by  means  of  potaseiam  ferrocyanide.  It  is  therefore  the  same  as 
was  BDj^ested  for  phosphoric  acid  by  Lecohtk,  and  brought  into 
ase  by  Necbaueb,*  and  aftorwards  by  PiNC0B.t 

B^DEKEB,^  who  first  employed  the  process  for  arsenic  acid, 
recommends  the  employment  of  a  solution  of  nranyl  nitrate,  as 
this  is  more  permanent  than  the  hitherto  nsed  acetate,  which  is 
gradually  decomposed  by  the  action  of  light. 

The  uranium  solution  has  the  correct  degree  of  dilution,  if  it 
contains  about  17  grm.  of  oraninm  in  1  litre.  It  should  contain 
as  little  free  acid  as  possible.  The  determination  of  itsTalne  may 
be  effected  with  the  aid  of  pure  sodium  arsenate  or  by  means  of 
arsenious  acid — the  latter  is  converted  into  arsenic  acid  by  boiling 
with  fuming  nitric  acid.  The  solution  is  rendered  strongly  alka- 
line with  ammonia,  and  then  distinctly  acid  with  acetic  acid.  The 
uranium  solution  is  now  run  in  from  the  burette  slowly,  the  liquid 
being  well  stirred  all  the  while,  till  a  drop  of  the  mixture  spread 
out  on  a  porcelain  plate,  gives  with  a  drop  of  potassium  ferrocya- 
nide placed  in  its  centre,  a  distinct  reddish-brown  line  where  the 
two  flnids  meet.  The  height  of  the  fluid  in  the  buretto  is  now 
read  off,  the  level  of  the  mixture  in  the  beaker  is  marked  with  a 
strip  of  gammed  paper,  and  the  beaker  is  emptied  and  washed, 
filled  wi^  water  witli  addition  of  about  as  nmcli  ammonia  and 
acetic  acid  as  was  before  employed,  and  the  uranium  solution  is 
cautiously  dropped  in  from  the  burette,  till  a  drop  taken  out  of  the 
beaker  and  tested  as  above,  gives  an  equally  distinct  reaction.  The 

"  Archiv  tor  wUscnecbafllichfl  Heitkaode.  4,  838. 

I  JouTQ.  f.  prakt.  Cbem.  76.  104.      t  Anonl.  de  Chcm.  u.  Pliariii.  117, 196. 
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quantity  of  uranium  Bolution  used  in  this  last  experiment  is 
excess,  which  must  be  added  to  make  tlie  end-reaction  plain  for 
dilution  adopted.  This  amount  is  subtracted  from  that  osed  in 
first  experiment,  and  we  then  know  the  exact  value  of'the  nran 
solution  with  reference  to  arsenic  acid. 

In  an  actaal  analysis,  the  arsenic  is  first  brought  into  the  f 
of  arsenic  acid,  a  clear  solution  ie  obtained  containing  ammon: 
acetate  and  some  free  acetic  acid,*  and  the  process  is  condnc 
exactly  as  in  determining  the  value  of  the  standard  solution.  ' 
experiment  to  ascertain  the  correction  must  not  be  omitted  h 
otherwise  errors  are  sure  to  arise  from  the  difierent  degrees  of  <j 
tion  of  the  arsenic  acid  solutions  used  in  the  determination  of 
value  of  the  standard  solution  and  in  the  actual  analyses.  The  res 
of  two  determinations  of  arsenic  given  by  Bodkkeb  are  satiefactt 
To  execute  the  method  well  requires  practice.  The  results  are 
exact  enough  unless  the  conditions  as  regards  amount  and  qua 
of  alkali  salts  are  nearly  similar  in  the  standardizing  of  the  urani 
solution  and  in  its  use.     Compare  WArrz-f 

6.  Entimation  (ffArsenioua  Acid  hy  Indirect  Gravk 
ric  Analysis. 

a.  Kose'b  method.  Add  to  the  hydrochloric  acid  solution 
the  preparation  of  which  care  must  be  taken  to  exclude  oxidiz 
Bubstanees,  a  solution  of  sodium-  or  ammonium-auric  chloride 
excess,  and  digest  the  mixture  for  several  days,  in  the  cold,  or 
the  case  of  dilute  solutions,  at  a  gentle  warmth ;  then  weigh 
separated  gold  aa  directed  in  §  123.  Keep  the  filtrate  to  mi 
quite  sure  that  no  more  gold  will  separate.  2  at,  gold  correspt 
to  3  mol.  arsenious  acid. 

}.  Vohl'sJ  method.  Mix  the  solution  with  a  weighed  qu 
tity  of  potasgium  dichromate,  and  free  sulphuric  acid ;  estimate 
chromic  acid  still  present  by  the  method  given  in  §  130,  c,  i 
deduce  from  the  quantity  of  that  acid  consumed  in  the  process,! 
reduced  by  the  arsenious  acid,  the  quantity  of  the  latter,  after ; 
formula  3H, AsO,  +  2CrO,  =  3H, AsO,  +  Cr.O.. 

'Alkalies,  alkali  earths,  and  zinc  oslde  may  be  preient,  but  not  auch  me 
u  jield  colored  precipitatea  witb  ferrocjanide  of  potasBfum,  as,  for  imtu 
copper.  t  Zeitechr.  f.  anal  Chem.  10,  X83. 

X  AddoI.  de  Chem.  u.  Ftianii.  94, 219. 
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Swpjfieitient  to  the  Sixth  Grovp. 

§128. 

8.  MoLTBDio  Acid. 

Molybdic  acid  is  converted,  for  the  purpose  of  its  detennina- 
tion,  either  into  inolybdenuro  dioxide,  or  into  lead  molybdate,  or 
into  molybdenum  diaulphide. 

a.  Molybdic  anhydride  (MoO,),  and  also  ammonium  raolybdate, 
may  be  reduced  to  dioxide  by  heating  in  a  current  of  hydrogen  gas. 
This  may  be  done  either  in  a  porcelain  boat,  placed  in  a  wide  glass 
tube,  or  in  a  platinum  or  porcelain  cmcible  with  perforated  cover 
{§  108,  fig.  50).  The  operation  is  continued  till  the  weight  remains 
constant.  The  temperature  must  not  exceed  a  gentle  redness, 
otherwise  the  dioxide  itself  might  lose  oxygen  and  become  paitially 
converted  into  metal.  In  the  case  of  ammonium  inolybdate  the 
heat  must  be  very  low  at  first  on  account  of  the  frothing.  If  you 
hare  a  platinum  tube  it  is  safer  to  ignite  the  molybdic  acid  in  this 
for  2  or  3  hoars  in  a  slow  current  of  hydrogen,  thus  reducing  it  to 
the  metallic  state.  When  reducing  to  dioxide  the  contents  of  the 
crucible  are  frequently  gray  below,  and  brown  above  (Kamubls- 

BEEO*). 

b.  The  following  is  the  best  method  of  precipitating  molybdic 
acid  from  an  alkahne  solution :  Dilute  the  solution,  if  necessary, 
neutralize  the  free  alkali  with  nitric  acid,  and  allow  the  carbonic 
acid,  which  may  be  liberated  in  the  process,  to  escape,  then  add 
nentrtd  mercnrous  nitrate.  The  yellow  precipitate  formed  appears 
at  first  bulky,  but  after  several  hours'  standing  it  shrinks ;  it  is 
insoluble  in  the  finid,  which  contains  an  excess  of  mercnrons 
nitrate.  Collect  on  a  filter,  and  wash  with  a  dilnte  solution  of  mer- 
curone  nitrate,  as  it  is  slightly  soluble  in  pure  water.  Dry,  remove 
the  precipitate  as  completely  as  practicable  from  the  filter,  and  deter- 
raioe  the  molybdenum  in  it  as  directed  in  a  (H.  Boss) ;  or  mix  the 
precipitate,  together  with  the  filter^sh,  with  a  weired  qnantitj 
of  ignited  lead  oxide,  and  ignite  until  all  the  mercury  is  expelled ; 
then  add  some  ammonium  nitrate,  ignite  again  and  weigh.  The 
excess  obtained,  over  and  above  the  weight  of  the  lead  oxide  used, 
is  molybdenum  trioxide  CSELiosoHiit). 

■  Fogg.  Amuil.  137,  aairZeitschr.  f.  uuL  Chem.  A.SDsI 
f  Jonm.  f .  prakL  Chem.  67,  47% 
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c.  Chatakd*  recommends  estimating  molybdic  acid  in  tLe  » 
tion  of  its  alkali  Baits  by  adding  lead  acetzte  in  slight  excess  to 
boiling  Eolntion  and  boiling  for  a  few  minutes.  The  preeipil 
which  is  at  first  milky  becomes  granular,  deposits  well,  and  maj 
easily  washed  with  hot  ^vate^.  It  is  dried,  removed  from  tlie  fi 
as  much  as  possible,  ignited  and  weighed  as  PbMoO,. '  The  met! 
is  only  applicable  for  solutions  oi  pure  alkali  molybdates. 

d.  The  precipitation  of  molybdenum  ae  sulphide  is  alwaj 
difficult  operation.  If  the  acid  solution  is  supersaturated  v 
hydrogen  sulphide,  warmed,  and  filtered,  the  filtrate  and  waslii 
are  generally  still  colored.  They  must,  accordingly,  be  wann 
and  hydrogen  sulphide  again  added,  and  the  operation  muet  af 
wards,  if  necessary,  be  repeated  until  the  washings  appear  aim 
colorless.  The  precipitation  sncceeda  better  when  the  molybden 
sulphide  is  dissolved  in  a  relatively  large  excess  of  ammonium  i 
phide,  and,  after  the  fluid  has  acquired  a  reddish-yellow  tint,  prec 
tated  with  hydrochloric  acid.  ZENKEBf  advises  then  to  boil,  m 
the  hydrogen  sulphide  is  expelled,  and  to  wash  with  hot  water, 
first  slightly  acidified.  To  make  quite  sure  that  all  the  uiol 
denum  is  precipitated,  treat  the  filtrate  and  washings  again  w 
hydrogen  sulphide  and  allow  to  stand  for  some  time.  The  bro 
molybdenum  sulphide  is  collected  on  a  weighed  filter,  and  I 
molybdenum  determined  in  an  aliquot  part  of  it,  by  gentle  jgniti 
in  a  cnirent  of  hydrogen  gas,  as  in  a.  The  brown  ntolybdeni 
sulphide  changes  in  this  process  to  the  gray  disulphide  (H.  Eos 

e.  F.  PisAmJ  gives  the  following  method  for  estimating  mol; 
die  acid  volumetrically.  Digest  the  molybdic  acid  with  hyd 
chloric  acid  and  zinc,  dissolving  any  precipitate  which  may  fo 
from  want  of  acid  and  also  the  excess  of  zinc.  The  molybdic  a 
is  thus  reduced  to  a  molybdenum  salt  corresponding  to  molybdeni 
eesquioxide.  Convert  the  molybdenum  in  this  solution  again  ii 
molybdic  acid  by  standard  permanganate  of  potash.  The  bro' 
Qolor  of  the  solution  turns  first  green,  and  then  disappears.  Bi 
XELSBEBQ§  Confirms  the  statements  of  Ptsun. 

*  Bill.  Amer.  Journ.  (3),  1.  416.  f  Joum.  f.  prakt.  Chem.  58,  3S9. 

t  Corapt.  rend,  6B.  801. 

g  Pagg.  Annal,  137,  261;  Zeitschr.  f.  anal  Cbem.  S,  20&. 
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II.  DETEBMINATION  OP  ACIDS  IN  COMPOUNDa  CONTAININU 
ONLY  ONE  ACID,  FREE  OR  COMBINED;— AND  SEPARATION 
OF  ACID  FROM  BASIC  RADICALS. 

Fi/rst  Grovp. 

FIBBT     DIVISION. 

Abseniohs  Acid — Abssnic  Acid — Cheohio  Acid — (SelenionH 
Acid,  SnlphoroDB  and  HyposulphnrooB  Acids,  Iodic  Acid). 

§129. 

1.  Absentocb  and  Absehic  AciDe. 

These  have  been  already  treated  of  amonjf  the  bases  (§  127)  on 
acconnt  of  their  behavior  with  hydrogen  sulphide ;  they  are  merely 
mentioned  here  to  indicate  the  place  to  wliieh  they  properly  be- 
long.  Tlie  methods  of  separatiDg  them  from  the  bases  will  be 
found  in  Section  V. 

§130. 
2.  Chbohic  Acid. 
I.  Dfteemibation. 

Chromic  acid  is  determined  either  as  chrornie  oxide  or  lead 
chromate.  Bat  it  may  be  estimated  also  from  the  quantity  of  car- 
bon dioxide  disengaged  by  its  action  upon  oxalic  acid  in  excess, 
and  also  by  volumetric  analysis.  In  employing  the  first  method 
it  must  be  borne  in  mind  that  1  raol.  chromic  oxide  corresponds  to 
'2  mol.  chromic  acid. 

a.  Determination  as  Chromic  Oxide. 

a.  The  chromic  acid  is  reduced  to  tlie  state  of  a  chromic  salt 
and  the  amount  of  chromium  in  the  latter  determined  (§  106).  The 
redaction  is  effected  either  by  lieating  the  solution  with  hydro- 
cliloric  acid  and  alcohol ;  or  by  mixing  hydrochloric  acid  witli  the 
solution,  and  conducting  hydrogen  gnlphide  into  the  niixttire  ;  or 
by  adding  a  strong  solntion  of  eulphnrous  acid,  and  applying  a  gen- 
tle heat.  With  concentrated  solntions  the  first  method  is  gener- 
ally resorted  to,  with  dilute  solutions  one  of  the  two  latter.  With 
respect  to  the  first  method,  I  have  to  remark  that  the  alcohol  most 
l)e  expelled  before  the  dirominm  can  be  precipitated  as  hydroxide 
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hy  ammonia ;  and  11-11)1  respect  to  the  second,  tliat  the  eoh 
supersaturated  with  hydrogen  sulphide  must  be  allowed  to  stac 
a  moderately  warm  place,  until  the  separated  snlphur  liae  1 
pletely  subsided.  The  results  are  accnrate,  unless  the  weighed 
cipitate  contains  silica  and  lime,  which  is  always  the  case  if  the 
cipitation  is  effected  in  glass  vessels. 

yS.  The  neutral  or  slightly  acid  (nitric  acid)  solution  is  pre 
tated  with  mercurons  nitrate,  after  long  etanding  the  red  precip 
of  mercurous  chromate  is  filtered  off,  washed  with  a  dilate  solu 
of  mercurons  nitrate,  dried,  ignited,  and  the  residuary  chrc 
oxide  weighed  (K.  Hose).    Kesults  accurate. 

b.  Determination  as  Lead  Chromate. 

The  solution  is  mixed  with  sodium  acetate  in  excess,  and  ac 
acid  added  until  the  reaction  is  strongly  acid ;  the  solution  b  1 
precipitated  with  neutral  lead  acetate.  The  washed  precipitat 
either  collected  on  a  weighed  filter,  dried  in  the  water-bath, 
weighed;  or  it  is  gently  ignited  as  directed  §  53,  and  I 
weighed.  For  the  properties  of  the  pi-ecipitate,  see  §  93, 2.  Ites 
accurate. 

c.  Determination  hy  means  of  Oxalic  Acid  (after  Vobl). 
When  chromic  acid  and  oxalic  acid  are  hronght  together  in 

presence  of  water  and  excess  of  sulphuric  acid,  chromic  sulpl 
and  carbon  dioxide  are  formed,  3H,C,0.  +  2H,00,  +  3H,S0 
6C0,+  Cr,(SO,),+  8H,0,  Accordingly  the  amount  of  chromic  i 
can  be  calculated  from  the  weight  of  carbon  dioxide  evolved.  ' 
process  is  the  same  as  in  the  analysis  of  manganese  ores  (§  203). 
part  of  chromic  acid  requires  2^  parts  of  sodium  oxalate.  If  ■ 
intended  to  determine  potassium  or  sodium  in  the  residue,  anu 
nium  oxalate  is  used. 

d.  Determination  hy  Vdum^etric  Analysts. 

a.  ScHWAHz's  method. 
The  principle  of  this  very  aecHT-ate  method  is  identical  w 
that  upon  which  PEsifY's  method  of  determining  iron  is  based  (§  1 
2, 5),  The  execution  is  simple :  acidify  the  not  too  dilute  eolut 
of  the  chromate  with  sulphuric  acid,  add  in  excess  a  measured  qu 
titj  of  solution  of  a  ferrous  salt,  the  strength  of  which  yon  h: 
previously  ascertained,  according  to  the  directions  of  §  112, 3,  a. 
h,  or  the  solution  of  a  weighed  quantity  of  ammonium  f  erroos  1 
phate,  free  from  ferric  salt,  and  then  determine  in  the  maiv 
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directed  §  112,  2,  a,  or  h,  the  quantity  of  ferrooB  iron  remaining. 
The  difference  ehowB  the  amonnt  of  iron  that  has  been  converted 
by  the  chromic  acid  from  a  ferroaa  to  a  ferric  salt.  1  grm.  of  iron 
corresponds  to  0-5981  of  chromic  anhydride  (CrO,).  To  determine 
the  chromic  acid  in  lead  chromate,  the  latter  is,  after  addition  of 
the  ammonimn  ferrons  snlphate,  most  thoronghly  triturated  with 
hydrochloric  acid,  water  added,  and  the  analysis  then  proceeded 
with. 

/?.  Bdnbbn's  method.* 

If  a  chromate  is  boiled  with  an  exceee  of  faming  hydrochloric 
acid,  there  are  disengaged  for  every  atom  of  chromium  3  at.  chlo- 
rine ;  for  iiiBtance,  K,Cr,0,  +  (HC1)„  =  (KCl\  +  Cr,Cl.  +  601  + 
7H,  O.  If  the  escaping  gae  is  conducted  into  eolation  of  potassiam 
iodide  in  execs,  the  3  at.  chlorine  set  free  8  at.  iodine.  The  libera- 
ted iodine  may  next  be  determined  as  described  in  §  146.  38055 
of  iodine  correspond  to  lOU-48  of  chromic  anhydride  (CrO,). 

The  analytical  process  is  conducted  as  follows :  Put  the  weighed 
sample  of  the  chromate  (say  -3  to  -4  grm.)  into  the  little  flask  d, 
fig.  55  (blown  before  the  himp.  and  holding  only  from  36  to  40 
cc-X  snd  fill  the  flask  two 
thirds  with  pure  fnming 
hydrochloric  acid  (free 
from  CI  and  SO,),  add  a 
compact  lump  of  magne- 
eite,  to  keep  up  a  con- 
stant current  of  gaa  and 

prevent  the  fluid  from       

receding.      Connect  the       ^^^  j^    ^ 

bulbed  evolntion  tulw  a 

with  the  neck  of  the  flask  by  means  of  a  stout  india-mbber  tube 
c.  As  shown  in  the  engraving,  a  is  a  bent  pipette,  drawn  out  at 
the  lower  end  into  an  upturned  point,  A  lose  of  chlorine  need  not 
be  apprehended  on  adding  the  hydrochloric  acid,  as  the  disengage- 
ment of  that  gas  begins  only  upon  the  application  of  heat.  Insert 
the  evolntion  tube  into  the  neck  of  the  retort,  which  is  one-third 
filled  with  solution  of  potasainm  iodidcf     This  retort  holds  about 

"  Aniiat.  d-  Cliem.  u.  Pharm.  86,  279. 

1 1  pftrt  of  pure  potassium  iodide,  free  from  iodic  acid,  dissolved  in  lOportsof 
wBtar.  The  fluid  must  sbow  do  l)rowD  tint  inunediatelf  after  addition  of  dilute 
sulphuric  acid. 


!  lamp,  anu  noiuiug  uuiy  irum  oo  vo  4U 
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160  C.C.  The  neck  presents  two  Btu&U  expansions,  blown  bel 
the  lamp,  and  intended,  tho  lower  one,  to  receive  the  liqnid  wl 
J8  forced  up  during  the  operation,  the  upper  one  to  serve  as 
additional  guard  against  spirting.  Apply  heat  now,  cautiously 
the  little  Baek.  After  two  or  three  minutes  ebullition  the  w} 
of  the  chlorine  has  passed  over,  and  liberated  its  equivalent  qi 
titj  of  iodine  in  the  potassium  iodide  solution.  When  the  ebi 
tion  is  at  an  end,  take  hold  of  the  caoutchouc  tube  c  witli  the 
hand,  and,  whilst  steadily  holding  the  lamp  under  the  flask  v 
the  right,  lift  a  so  far  out  of  the  retort  that  the  curved  point  i 
the  bulb  h.  Now  remove  first  the  lamp,  then  the  flask,  dip 
retort  in  cold  water  to  cool  it,  and  shake  the  fluid  in  it  about  to  ei 
the  complete  solution  of  the  separated  iodine  in  the  excess  of  po 
sium  iodide  solution.  When  the  fluid  is  quite  cold,  transfer  it  i 
beaker,  rinsing  the  retort  into  the  beaker,  and  proceed  as  direi 
§  146.  The  method  gives  verj  satisfactory  results.  The  appart 
here  recommended  differs  slightly  from  that  used  by  Bunbek, 
retort  of  the  latter  having  only  one  bulb  in  the  neck,  and  the  e 
lution  tube  no  bulb,  being  closed  instead,  at  the  lower  end,  b; 
glass  or  caoutchouc  valve,  which  permits  the  exit  of  the  gas  fr 
the  tube,  bat  opposes  the  entrance  of  the  fluid  into  it.  I  think 
modifications  which  I  have  made  in  Bfnsen's  apparatus  are  cal 
lated  to  facilitate  the  success  of  the  operation.  Instead  of  t 
apparatus,  that  described  §  142  may  also  be  very  conveniently  ns 

II.    SePAKATION    of    ChBOIDO    ActD     FBOH     THE    Bj 

Radicals. 
a.  Of  the  First  Group. 

a.  Reduce  the  chromic  acid  to  a  chromic  salt,  as  directed  in 
and  separate  the  chromium  from  the  alkalies  as  directed  in  §li 

p.  Mix  the  potassium  or  sodium  chromate  with  about  5  p> 
of  dry  pulverized  ammonium  chloride,  and  heat  the  mixture  a 
tiously.  The  residue  contains  the  chlorides  of  the  alkali  met 
and  chromic  oxide,  which  may  be  separated  by  means  of  water. 

y.  Precipitate  the  chromic  acid  according  to  I.,  a,  y5,  and  sf 
arate  the  mercury  and  alkali  metals  in  the  filtrate  by  §  162. 

b.  Of  the  Second  Group. 

a.  Fuse  the  compound  with  4  parts  of  sodium  and  potaesiii 
carbonates,  and  treat  the  fused  mass  with  hot  water,  which  ^ 
solves  the  chromic  acid  in  the  form  of  an  alkali  chromate.    T! 
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residue  cootains  the  ulkali  cartli  metals  in  the  form  of  oarboaat«8} 
but  aa  they  contain  alkali,  they  cannot  be  weighed  directly.  The 
chromic  acid  in  the  Bolotiou  is  determined  aa  in  I.  Strontium  and 
ualcium  chromatee  may  be  decomposed  by  boiling  with  potassium 
or  sodium  carl)oiiate.  Carium  chromate  may  also  be  decomposed 
in  the  same  way,  but  the  boiling  most  be  repeated  a  second  time 
with  fresh  solation  of  alkali  carbonate  (H.  Ross). 

p.  Dissolve  in  hydrochloric  acid,  reduce  the  chromic  acid 
according  to  I.,  a,  and  separate  the  chromium  from  the  alkali 
earth  metals  according  to  §  156. 

Y-  Magnesium  chromate,  as  well  as  other  ehromates  of  the 
alkali  earth  metals  soluble  in  water,  may  be  easily  decomposed  also, 
by  determining  the  chromic  acid  according  to  I.,  a,  >?,  or  I.,  h,  and 
separating  the  magneeinm,  etc.,  in  the  filtrate  from  the  excess  of 
the  salt  of  mercury  or  lead  as  directed  §  162. 

S.  Barium  strontium  and  calcium  ehromates  may  also  be 
decomposed  by  the  method  described  II.,  a,  p.  Compare  Bahb, 
Analysis  of  barium  and  calcium  dichromates,  etc.* 

c.  Of  the  Third  Qr&wp. 

a.  From,  Aluminium. 

If  you  have  chromic  acid  to  separate  from  fdnminium  in  acid 
solution,  precipitate  the  aluminium  with  ammonia  or  ammonium 
carbonate  (§  105,  a),  and  determine  the  chromic  acid  in  the  filtrate 
according  to  I.  If  the  washed  aluminium  hydroxide  has  a  yellow 
color,  treat  on  the  filter  with  ammonia,  and  wash  with  boiling 
water ;  this  will  remove  the  last  traces  of  chromic  acid.  However, 
a  little  aluminium  hydroxide  dissolves  in  the  ammonia,  therefore 
heat  the  ammoniacal  fiuid  in  a  platinum  dish  till  it  has  almost  lost 
its  alkaline  reaction,  and  collect  on  a  filter  the  flocks  of  aluminium 
hydroxide  which  separate,  and  add  them  to  the  principal  precip- 
itate. 

jff.  JProm  Chromium. 

aa.  Detennine  in  one  portion  the  quantity  of  the  chromic  add 
according  to  I.,  o,  or  l.,d,  a,  or  y3,  and  in  another  portion  the  total 
amonnt  of  the  chromium,  by  converting  it  into  sesquioxide  i>j  cau- 
tions ignition  with  ammoniam  chloride,  or  by  I.,  a,  or  by  convert- 
ing it  entirely  into  chromic  acid  by  §  106,  2. 

hb.  In  many  cases  the  chromic  acid  may  be  precipitated  accord- 

*  Joom.  f.  prakt  Chem.  60,  60. 
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ig  to  I.,  a,  >3,  or  I.,  h.  The  chrom 
lie  filtrate,  are  separated  as  directed 
cc.  The  hydrated  componnds  of  e 
hromium  trioxide,  or  chromic  chron 
recipitating  a  solution  of  chromic  f 
tc,  ma;  also  be  analyzed  by  ignitio 
ulb  tube,  to  which  a  calcium  chloi 
36).  The  loes  of  weight  represeuti 
nd  water  that  have  escaped.  If  the 
I  deducted,  we  shall  have  the  oxjg 
orrespond  to  2  mol,  CrO,.  Tlie  am 
alculated,  we  Lave  only  to  subtract : 
nioxide  from  the  weight  of  residu 
emainder  is  the  quantity  of  sesqnioxi 
nd  also  Stobeb  and  ELLiorf  have  ei 

d.  Of  the  Fourth  Group, 

a.  Proceed  as  directed  in  h,  a. 
rith  hot  water,  oxides  of  the  basic  n- 
langanese  the  fusion  must  be  efEectt 
ioxide.     Apparatus,  fig.  50  in  §  108 

/?.  Reduce  the  chromic  acid  as  < 
lie  chromium  from  the  metals  in  qm 

e.  Of  the  Fifth  and  Sixth  Group 
cc.  Acidify  the  solution,  and  prec 

eduction  of  the  chromic  acid  by  sul 
iilphide.  The  metals  of  the  fifth  ai 
onjunction  with  free  sulphur  (§§  11. 
oduced.  Filter  and  determine  the 
irected  in  I.,  a. 

p.  Lead  chromate  may  be  convei 
?ith  hydrochloric  acid  and  some  al 
hromic  cliloride  formed  are  subseq 
Icohol  (compare  §  162).  The  alcoho 
jsted  with  sulphuric  acid  ;  should  9 
orm,  tliis  must  be  filtered  off,  weij 

•  Joum.  i.  pmkt.  Chem.  T7, 
t  Proceedings  of  the  Americi 
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Sj^>plem«nt  to  the  First  Division. 

§131- 
1.  Sblbhiodb  Acid. 

Froin  aqneotiB  or  hydrochloric  acid  solntionB  of  selenious  acid, 
the  Belenium  is  precipitated  by  BnlphnrooB  acid  gas,  or,  ia  presence 
of  an  excess  of  acid,  by  eodinm  Bolphite,  or  ammonium  sulphita. 
The  liquid  containing  the  precipitate  is  heated  to  boiling  for  ^  hour, 
which  changes  the  precipitate  from  its  original  red  color  to  black, 
and  makes  it  dense  and  lieavy.  The  liquid  is  tested  by  a  farther 
addition  of  the  reagent  to  see  whether  any  more  selenium  will  sep- 
arate ;  the  precipitate  is  finally  collected  ou  a  weighed  filter,  dried 
at  a  temperature  somewhat  below  100",  and  weighed.  Since  II. 
BosE*  has  shown  that  the  presence  of  hydrochloric  acid  is  an  essen- 
tial condition  to  the  complete  reduction  of  selenious  acid,  the  for- 
mer acid  must  be  added,  if  not  already  present.  To  make  quite 
sure  that  all  the  selenium  has  becQ  removed,  the  filtrate  is  evapo- 
rated to  a  smalt  volume,  with  addition  of  potassium  or  sodium  chlo- 
ride, boiled  with  strong  hydrochloric  acid,  so  as  to  reduce  any  sele- 
nic  acid  to  selenious  acid,  and  tested  once  more  with  sulphurons 
acid.  If  the  solution  contains  nitric  acid  it  must  be  evaporated 
repeatedly  with  hydrochloric  acid,  with  addition  of  sodium  or 
potassium  chloride.  If  the  latter  were  omitted  there  would  be 
considerable  loss  of  selenious  acid  (KATUKEf). 

As  regards  the  separation  of  selenious  acid  from  ba£ic  radicals, 
the  following  brief  directions  will  suffice : 

a.  If  the  basic  radicals  are  not  liable  to  be  altered  by  the  action 
of  BulphnrouB  acid  and  hydrochloric  acid,  the  selenium  may  be  at 
once  precipitated  in  the  way  just  given ;  the  filtrate,  when  evap- 
orated with  snlphnric  acid,  yields  tlie  base  as  sulphate. 

h.  From  basic  metals  which  are  not  thrown  down  from  acid  solu- 
tioQ  by  hydrogen  sulphide,  the  selenioua  acid  may  be  separated  by 
precipitation  with  that  reagent.  The  precipitate  (according  to 
Hathcb^,  a  mixture  of  SeS„  Se,S  and  S)  contains  2  at.  sulphur  to 
1  at.  selenium.    If  it  is  dried  at  or  a  httle  below  100°,  the  weight 

*  Zeitscbr.  f.  uial.  Cbem.  1,  78. 

+  Joum.  f.  prakt  Chem.  108,  249;  Zeitscbr.  f.  tmol.  Cbem.  9,  484. 

X  JooTD.  f.  prakL  Chem.  106,  3S3, 
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of  the  Beleninm  may  be  accurately  ascertained.  Should,  liowevi 
extra  sulphur  be  mixed  with  the  precipitate,  the  latter  is  oxidiz 
while  still  moist  with  hydrocliloric  acid  and  potassium  chlorate, 
by  treatment  with  potassa  solution  with  simultaneous  heating  ai 
transmission  of  chlorine.  It  is  necessary  here  to  oxidize  the  ei 
|)hnr  completely,  as  it  may  enclose  Beleninm,  The  solution  nt 
containing  selenic  acid  is  heated  till  it  smells  no  longer  of  clilorii 
hydrochloric  acid  is  added,  and  the  mixture  is  reheated.  The  6C 
Dtc  acid  is  hereby  reduced  to  selenious  acid,  and  when  the  solntii 
has  again  ceased  to  smell  of  chlorine,  the  selenium  is  preci 
itated  with  sulphurous  acid.  Instead  of  this  process  you  may  dig) 
the  precipitate  of  Bulphur  and  selenium' for  some  hours  with  eo 
sentrated  potassium  cyanide,  which  will  completely  dissolve  it,  ai 
then  throw  down  the  selenium  from  the  dilate  solution  with  hydi 
ehloric  acid  as  in  c  (Hathke,  loc.  ciL). 

c.  In  many  selenites  or  selenates  the  selenium  may  also 
determined  by  converting  first  into  potaasium  selenocyanate,  ai 
precipitating  the  aqueous  solution  of  the  latter  with  hydroehloi 
leid  (OppENHEiM*).  To  this  end  the  substance  is  mixed  with  7 
3  times  its  quantity  of  ordinary  potassium  cyanide  (containii 
cyanic  acid),  the  mixture  is  put  into  a  long-necked  flask,  or  a  pon 
lain  crucible,  covered  with  a  layer  of  potassium  cyanide,  and  fa& 
in  a  stream  of  hydrogen.  The  temperature  is  kept  so  low  th 
the  glass  or  porcelain  is  not  attacked,  and  while  cooling  care  mo 
be  taken  to  exclude  atmospheric  air.  When  cold,  the  brown  ma 
is  treated  with  water,  and  the  colorless  solution  filtered,  if  nea 
jaiy.  The  liquid  should  be  somewhat  but  not  immoderate 
diluted.  Now  boil  some  time  (in  order  to  convert  the  sinall  qni 
tity  of  potassium  selenide  that  may  be  present  into  potaseiiun  sel 
nocyanate,  by  the  excess  of  potassium  cyanide,  allow  to  cool,  sup« 
laturate  with  hydrochloric  acid,  and  heat  again  for  some  time,  i 
;he  end  of  12  or  24  hours  all  selenium  will  have  separated,  filte 
iry  at  100°,  and  weigh.  The  results  obtained  by  this  process  a 
iccurate  (H.  RosEf).  If  the  selenium  agglomerates  together  ( 
ieating,  it  may  enclose  salts.  In  such  cases,  by  way  of  control, 
ihould  be  redissolved  in  nitric  acid,  and,  after  addition  of  hjdr 
ihloric  acid,  precipitated  with  sulphurous  acid.  The  fluid  lilten 
Tom  the  Beleninm  precipitate  is,  as  a  rule,  free  from  selenium ; 

*  Joum.  f.  prakt  Chem.  71,  280.  \  Zeltscbr.  f.  anal  Chem.  1, 7& 
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is,  bowever,  always  well  to  satisfy  one's  self  on  this  point  hj  tlie 
addition  of  sulphiirons  acid. 

d.  From  many  basic  radicals  eelenions  acid  (and  also  selenic 
acid)  may  bo  separated  by  fusing  the  compound  with  2  parts  of 
sodium  carbonate  and  one  part  of  potassium  nitrate,  extracting  the 
fused  mass  thoroughly  by  boiling  with  water,  saturating  the  filtrate, 
if  necessary,  with  carbonic  acid,  to  free  it  from  lead  which  it  might 
contain,  then  boiling  down  with  hydrochloric  acid  in  excess  (to 
reduce  the  selenic  acid  and  drive  oS  the  nitric  acid),  and  precipi- 
tating finally  with  sulphurous  acid. 

Beleninm,  if  pure,  must  volatilize  without  residae  when  heated 
in  a  tube. 

2.    SCLPBUBODS    AdD. 

To  estimate  free  sulphurous  acid  in  a  fluid  which  may  contain 
also  other  acids  (sulphnric  acid,  hydrochloric  acid,  acetic  acid),  a 
weighed  quantity  of  the  fluid  is  diluted  with  water,  absolutely  free 
from  air,*  until  the  diluted  liquid  contains  not  more  than  '05  per 
cent,  by  weight  of  sulphurous  acid,  the  solution  is  poured  with 
stirring  into  an  excess  of  standard  solution  of  iodine,  the  free 
iodine  remaining  is  titrated  with  sodium  thiosulphate,  and  the 
iodine  osed  for  the  conversion  of  sulphurous  into  sulphuric  acid  ie 
thus  found.  The  reaction  ie  expressed  by  the  equation,  SO,  +  2H, 
O  -f-  21  =  H,SO.  +  SHI.  According  to  Finkenee,  if  the  iodine 
is  added  to  the  sulphurous  acid  the  reaction  is  not  quite  normal. 
Anyhow  this  method  of  operating  prevents  any  loss  of  sulphurous 
acid.  For  the  details,  see  g  146.  In  case  of  sulphites  soluble  in 
water  or  acids,  water  perfectly  free  from  air  is  poured  over  the 
ttiibetance,  in  sufficient  quantity  to  attain  the  degree  of  dilution 
stated  above,  sulphuric  or  hydrochloric  acid  is  added  in  excess,  and 
tlien  tlie  titration  is  effected  as  above.  The  greatest  care  must  be 
taken  in  this  method,  to  use,  for  the  purpose  of  dilution,  water 
absolutely  free  from  air. 

Snlphurons  acid  may  also  be  determined  in  the  gravimetric  way, 
by  conversion  into  sulphnric  acid,  and  precipitation  of  tlie  latter 
with  barium  chloride,  according  to  §  132.  This  method  is  espe- 
cially applicable  in  the  case  of  sulphites  quite  free  from  sulphuric 
acid.     The  conversion  of  the  sulphurous  into  sulphuric  acid   is 

"  Prepared  tty  Igng-continued  boiliog  and  subsequeot  cooliDg  with  exclusion 
of  air. 
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ffected  in  the  wet  way,  best  by  pouring  the  dilate  Bolntion  wi 
tirring  into  excess  of  chlorine  or  bromine  w&ter.  Saiphites  inso 
le  in  water  are  decomposed  by  boiling  witli  aodinm  carbonate,  a 
iie  solntiou  of  sodium  sulphite  is  treated  as  directed.  After  dr 
ig  off  the  excess  of  chlorine  or  bromine  by  iieating,  the  moderat* 
fid  solution  is  precipitated  with  barium  chloride.  Sulphites  m 
e  oxidized  in  the  dry  way  by  heating  in  a  platinam  crucible,  w 
parts  of  a  mixture  of  equal  parte  sodium  carbonate  and  potassii 
itrate. 

3.  Thiosulphubio  Acid. 
ThioBuIpharic  acid,  in  form  of  soluble  thlosalphates.  ma; 
etermined  by  means  of  iodine,  in  a  similar  way  to  8u]phur( 
;id.  The  reaction  is  represented  by  the  equation,  2Na,S,0,  -(- 
=  2NaI  +  Na,S,0,.  The  salt  under  examination  is  dissolved  ii 
irge  amount  of  water,  starch-paste  added,  and  then  the  neut 
)lutioD  is  titrated  with  iodine.  That  this  method  can  give  com 
ssults  only  in  cases  where  no  other  substances  acting  upon  iodi 
re  present,  need  hardly  be  mentioned.  Thiosulphuric  may  li 
ilphnrous  acid  be  converted  into  eulpliuric  acid  by  means  of*ch 
iue  or  bromine  water,  and  then  determined. 

4.  Iodic  Acid. 
Iodic  acid  may  be  determined  by  the  fo 
listil  the  free  acid  or  iodate  with  an  exces 
liloric  acid,  in  the  apparatus  described  in  § 
sceive  the  disengaged  chlorine  in  solution 
etermine  the  separated  iodine  as  directed 
ecomposition  of  iodic  acid  by  hydrocldori 
le  efjaation,  HIO.  +  5HC1  =  ICI  +  4CI 
t.  CI  set  free  4  at,  I,  the  amount  of  iodic  acid  or  iodic  anhydri 
m  be  calculated  from  the  weight  of  the  latter  ;  1014-8  iodine  c 
jspond  to  333-7  iodic  anhydride  (1,0.)  (Bonsen*).    The  follow! 
lethod  also  yields  good  results.     Mix  the  solution  with  dilute  s 
hnrie  acid,  add  potassium  iodide  in  excess,  and  determine  t 
nouat  of  liberated  iodine,  after  §  146.     One  sixth  of  the  iodi 
ins  formed  is  derived  from  the  iodic  acid  (HIO,  +  SHI  =  3H 

- 1,).       See  KAMKELBBEKO.f 

*  Annal.  d.  Chem.  u.  Phann.  86,  285. 

t  Pogg.  Annal.  185.  408  ;  Zeitscbr.  f.  anal.  Cbem.  8.  49$. 
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6.  NiTBOua  Aero. 

The  nitrotiB  acid  io  nitrites  which  are  free  from  oitratea  m'&y 
be  estimated  by  eonverting  the  nitrogen  into  ammonia  and  deter- 
<mining  the  latter,  or  by  determining  the  oxidizing  action  on  ferrous 
Bait.  This  method  ie  conducted  exactly  an  described  imder  nitric 
acid  (§  149).  When  nitric  acid  is  also  present,  nitrous  acid  may  be 
determined  very  satisfactorily  with  a  solution  of  pure  potaesiuni 
permanganate,  provided  the  fluid  be  sufficiently  dilated  to  prevent 
the  nitrons  acid,  vhich  is  liberated  by  the  addition  of  a  stronger 
acid,  being  decomposed  by  water  with  formation  of  nitric  acid 
and  nitric  oxido.  For  1  part  of  nitrons  anhydride  at  least  5000 
parts  of  water  should  be  present.  The  decomposition  is  repre- 
sented by  the  following  equation,  5HN0,  +  K.Mn,0.  +  3H.S0, 
=  5HNO.+K,S0,-|-2MnS0.-|-3H,O.  If  the  permanganate 
he  standardized  with  iron,  4  at.  iron  correspond  to  1  mol.  N,0„ 
since  both  of  these  require  2  at,  oxygen.  Nitrites  are  dissolved  in 
wry  AigkO/y  acidolated  water,  the  permanganate  is  added  till  the 
oxidation  of  the  nitrons  acid  is  nearly  completed,  the  solution  is 
then  made  strongly  acid,  and  finally  permanganate  is  added  to  lights 
red  coloration. 

To  determine  nitrogen  tetroxide  N,0,  in  red  faming  nitric  acid, 
transfer  a  few  cc.  to  about  500  cc.  cold  pure  distilled  water  with 
stirring,  and  determine  the  nitrons  acid  produced.  1  mol.  nitrous 
anhydride  fonnd  corresponds  to  2  mol.  nitrogen  tetroxide,  for  the 
latter — when  mixed  with  such  a  large  quantity  of  water  as  is  indi- 
cated above — is  decomposed  in  accordance  with  the  followiiig  eqna- 
tion :— N.O.  +  H,0  =  HNO,  +  HNO,  (Sig.  Feldhads*). 

Nitrons  acid  and  nitrogen  tetroxide  in  presence  of  nitric  add 
may  also  be  estimated  by  the  reduction  of  chromic  acid.  An 
excess  of  standard  potassium  dichromate  is  added,  and  the  nnde- 
composed  residue  of  chromic  acid  is  estimated  with  standard  solu- 
tion of  ferrooc  salt  (F.  MoHaf). 

As  regards  the  estimation  of  nitrous  acid  with  lead  dioxide, 
comp.  Feldhaijs,  loc.  dt.  p.  431,  also  Lano^  and  J.  Lowenthal.^ 

*  Zeitschr.  f.  aDsl.  Chem.  1,  426. 

t  His  Lebrbuch  der  Tltrirmethade,  S  Aufl.  S86. 

%  Zdtschr.  1  tuiaL  Cbem.  1, 480.  %■&.  8, 178. 


by  Google 


Second  Division  of  ih«  ^h 

SuuHDBio  Aoid;  (Hyi 

%  13! 

SULFHIIKIO 
I.    DBTKSAtniATlON. 

phuric  ucid  ia  nsually  detem 
I  sulphate.  The  acid  may, 
dimetric  method  (§  192),  and 
ipon  the  insolubility  of  the 

1.  Gravim£tTic  Method. 
Q  exact  estimation  of  sulphur 
ins  60  simple  and  easy  as  it  ia 
:b,  on  tho  contraiy,  great  a 
hree  causae :  first,  the  bariu 
oluble  than  was  imagined  in 
^ts ;  secondly,  it  is  extreme 
1  salts,  which  are  of  themse 
;he  precipitate  has  once  seps 
rery  difficnlt  to  purify  it  con: 
e  solution  should  contain  bu 
'  nitric  or  chloric  acid.  If  ei 
ate  repeatedly,  on  the  wate 
Dilute  considerably,  heat  nea 
moderate  excess,  and  allow 
heat.  Decant  the  clear  Suid 
3  with  boiling  water,  allow  tc 
I  washings  are  free  from  chic 
i  to  the  filter,  dry  and  treat 
ite  red  heat. 

ter  the  precipitate  has  been  n 
im©  with  dilute  hydrochloric 
flE  the  hydrochloric  acid  throi 
i  by  decantation  with  boilinj 
er,  evaporate  the  filtrate  an( 
Qum  or  porcelain  dish,  add  tt 
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of  barium  sulphate  here  left  undissolved  upon  the  anutll  filter, 
wash,  dry,  indnerate,  add  the  ash  to  the  bulk  of  the  precipitate, 
ignite  again,  and  weigh.  If  the  precipitate  has  lost  weight,  tliie 
shows  that  it  at  first  contained  foreign  salts. 

This  method  of  pnrification  sometimes  fails  when  the  precipi- 
tate contains  ferric  oxide  or  platinum  (Claob*),  and  it  invariably 
fails  when  the  solution  contained  any  notable  quantity  of  nitric 
acid.f  In  Bjich  casea  there  is  only  one  resource,  namely,  to  fnee 
with  about  four  parts  of  sodium  carbonate,  warm  with  water,  filter, 
wash  with  boiling  water,  acidify  the  filtrate  slightly  with  hydro- 
chloric acid,  and  determine  the  sulphuric  acid  again. 

The  results  are  thoroughly  satisfactory  if  these  directions  are 
attended  to ;  if  not,  the  result  may  be  two  or  three  per  cent  too 
high  or  too  low. 

2.  Fohtmeirio  Methods. 

a.  After  Cabl  Mohk.:^  We  require  a  normal  solution  of 
barium  chloride,  containing  121'96  grm.  of  the  pure  crystallized 
salt  in  1  liti-e,  and  also  normal  nitric  or  hydrochloric  acid  and 
normal  soda  (§  192,  c.  S).  Add  to  the  fiuid  to  be  examined  for 
sulphuric  acid — which,  should  it  contain  mnch  free  acid,  is  previ- 
ously to  be  nearly  neutralized  with  pure  sodium  carbonate — a  meas- 
ured quantity  of  barium  chloride  solution,  best  a  round  number 
of  cnbic  centimetres,  in  more  than  sufficient  proportion  to  precipi- 
tate the  sulphuric  acid,  but  not  in  too  great  excess.  Digest  the 
mixture  for  some  time  in  a  warm  place,  then  precipitate,  without 
previous  filtration,  the  excess  of  barimn  chloride  with  ammonium 
carbonate  and  a  little  ammonia,  filter  off  the  barium  sulphate  and 
carbonate,  wash  until  the  water  running  off  acts  no  longer  npon 
red  litmus  paper,  and  then  determine  the  barium  carbonate  by  the 
alkalimetric  method  given  in  §  198.  Deduct  the  c.c.  of  normal 
acid  need  from  the  cc.  of  barium  chloride,  and  the  remainder  will 
be  the  cc.  of  barium  chloride  corresponding  to  the  sulphuric  acid 
present.  The  results  of  this  method  are  quite  satisfactory,  if  the 
Bolntion  does  not  contain  too  mnch  free  acid ;  but  in  presence  of  a 
large  excess  of  free  acid,  the  action  of  the  salt  of  ammonia  will 
retain  barium  carbonate  in  solution,  which,  of  course,  will  make 

•  Jtlbresber.  von  Kopp  nnd  Wn,u  1861,  838,  note. 
t  Compare  my  paper  In  Zeit«cbr.  f.  anaL  Cbem.  9,  Oft 
t  Ann.  der  Cbem.  n.  Pbann.  90. 16S. 
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the  amount  of  Bulpliaric  acid  appear  Iiiglier  than  is  rcallj  tkd  cas 
It  need  hardly  bo  mentioned  that  this  method  is  altogether  iii2] 
plicable  in  presence  of  phosphoric  acid,  oxalic  acid,  or  any  othi 
acid  precipitating  barium  salt  from  neutral  solutions,  and  that  i 
basic  radicals  except  the  alkalies  may  be  present, 

J.  After  It.  WiLDBMSTKiN.*    Of  all  the  methods  for  the  vol 
metric  estimation  of  sulphuric  acid,  the  simplest  and  that  which 
capable  of  the  most  general  application,  is  to  drop  intQ  the  solatic 
containing  excess  of  hydrochloric  acid,  standard  barium  ehlorii 
solution,  till  the  exact  point  is  reached  when  r 
more  precipitation  takes  place.    This  point  is  difl 
cult  to  hit,  and  hence  the  method  has  only  found 
very  limited  use. 

"WiLDENSTEiK  has  given  this  method  a  practic 
form,  which   renders  it   possible  to   complete   s 
analysis  in  about  half  an  hour,  and  at  the  same  tin^ 
to  obtain  satisfactory  results.    He  employs  the  a] 
paratus,  fig.  56.    ^  is  a  Ix^tle  of  white  glass,  who: 
bottom  has  been  removed,nt  contains  900 — 950  c, 
£  is  a  strong  funnel-tube,  with  bell-shaped  funnel,         ^S-  M. 
and  bent  as  shown,  provided  below  with  a  piece  of  india-nib): 
tube,  a  screw  compression-cock,  and  a  small  piece  of  tubing  r 
drawn  out.     The  length  from  c  to  rf  is  about  7i-8,  from  d  tt 
about  12  cm.     The  opening  of  the  funnel-tabe  /,  which  shoi 
have  a  diameter  of  2-5  to  3  cm.,  is  covered  as  follows :  Take 
piece  of  fine  new  calico  or  muslin,  fi"ee  from  sulphuric  acid,  a 
alwut  6  cm,  square,  lay  on  it  two  pieces  of  Swedish  paper  of  t 
same  size,  and  then  another  piece  of  stuff  like  the  first,  now  bi 
these  altogether  over  the  opening^,  carefully  and  without  injuri 
the  paper,  by  means  of  a  strong  linen  thread  which  has  been  dra^ 
a  few  times  over  wax,  and  cut  it  off  even  all  round.    We  ha 
now  a  small  syphon-filter,  which  enables  ns  to  filter  off  a  porti 
of  fluid  contained  in  A,  and  turbid  from  barium  sulphate,  cl< 
and  with  comparative  rapidity. 

On  gradually  adding  barium  chloride  to  the  dilute  acid  soluti 
of  a  sulphate  a  point  occurs  which  may  be  compared  to  the  nent 
point  in  precipitating  silver  with  sodium  chloride  (see  §  115,  &,l 
i.e.,  there  is  a  certain  moment,  when  a  portion  filtered  off  will  gi 

■  Z«itSGht.  t.  auaL  Chem.  1,  4SS. 
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&  turbidity  both  with  Eulphnric  acid  and  barium  chloride  after  the 
lapse  of  a  few  minntes.  On  this  account  we  must  either  proceed 
on  the  principle  recommended  for  the  eetiinatioQ  of  silver,  i.e.,  dis- 
regarding the  quantity  of  barium  chloride  in  the  solution,  to  stand- 
ardize it  by  adding  it  to  a  known  amount  of  sulphate,  till  a  pre- 
cipitate ceases  to  be  formed  ;  or  else  we  must — and  Wildenstein 
recommends  this  latter  course — consider  as  the  end-point  of  the 
reaction  the  point  at  which  barium  chloride  ceases  to  produce  a 
distinctly  visible  precipitation  in  the  clear  filtrate  aft«r  a  lapse  of 
two  minutes. 

The  barium  chloride  solution  is  prepared  so  tliat  1  c.c.  coitg- 
sponds  to  '02  salphnric  anhydride  by  making  a  solution  containing 
the  requisite  calculated  and  carefully  weighed  amount  of  the  pmc 
salt  per  litre. — A  solution  of  sulphuric  acid  containing  "02  gr.  SO, 
per  c.c  may  also  be  required.     The  process  is  as  follows : 

First  prepare  the  solution  of  the  enlphate  to  be  analyzed  (uping 
abont  3  or  4  grm.),  then  fill  A  with  hot  water,  open  the  cock  with 
the  screw  or  by  the  aid  of  a  glass  i-od,  and  wait  till  the  syphon  £ 
is  quite  full  of  water.  If  the  water  i-une  down  the  tube  c  e  with- 
out filling  it  entirely,  dose  and  open  the  cock  a  few  times,  and  this 
inconvenient^  will  be  removed.  (It  is  not  allowable  to  suck  at  «, 
or  to  fill  the  syphon  with  the  wash-bottle  at  c,  as  either  proceeding 
would  inevitably  lead  to  injuring  the  filter.)  Now  close  the  cock 
and  pour  out  the  hot  water,  replace  it  by  400  c.c.  of  boiling  water, 
add  the  ready-prepared  solution  of  the  sulphate,  and  a  small  quan- 
tity of  hydrochloric  acid,  it  necessary,  and  run  in  the  barium  chlo- 
ride solution,  at  first  in  rather  large  portions,  at  last  in  J-  c.c. 
Before  each  fresh  addition  of  barium  chlorido  open  the  cock  and 
.  allow  rather  more  liquid  to  fiow  into  a  beaker  than  corresponds  to 
the  contents  of  the  syphon.  This  quantity  should  be  previously 
ascertained,  and  a  mark  indicating  it  made  on  the  beaker.  Now 
close  the  cock  and  pour  the  filtrate  without  loss  back  into  A.  (As 
the  beaker  is  used  over  and  over  again  for  the  same  purpose,  it 
need  not  be  rinsed  out.)  Now  run  some  of  the  fluid  into  a  test- 
tube,  so  as  to  one  third  fill  it,  add  to  the  clear  fiuid  2  drops  of 
bariiini  chloride  from  the  burette  and  shake.  If  a  precipitate  or 
turbidity  is  produced,  return  the  portion  to  the  main  quantity.  The 
experiment  is  finished  when  the  last  portion  tested  shows  after  the 
lapee  of  exactly  two  minutes  no  distinctly  visible  turbidity.  The 
drops  of  barinm  chloride  used  for  the  last  testing  are  of  comae  not 
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eckoned.  The  slight  error  involved  from  the  fact  that  the  sir 
[nantity  of  Stud  iB  the  Byphon  is  finally  unacted  on,  is  too  sn 
o  be  noticed.  During  the  experiment  the  filter  mnst  not 
njured  bj  the  stirring.  '  In  case  the  end  reaction  has  been  oi 
tepped,  add  1  c.c.  of  dilute  sulphuric  acid  (equivalent  to  the  ban 
liluride)  to  A,  and  endeavor  to  bit  it  again.  Here  1  cc.  i 
lavti  to  be  Bubtractfid  from  t}ie  ce.  of  barium  chloride  used. 

The  results  obtained  by  Wildenbtkdj  are  of  sufficient  accnr 
or  teclmical  purposes.  Some  experiments  made  in  my  own  h 
fttory  were  also  quite  satisfactoiy. 

II.  Sepaeation  of  Sulphukic  Acm  fkoh  the  Bj 
Kadicals. 

a.  In  Sulphates  which  are  soluble  in  Water  or  HydrocMi 
Veld. 

The  solution  should  be  free  from  nitric  acid.  Precipitate 
ilpburic  acid  according  to  I.  by  barium  chloride  (or  barium  i 
ito).  The  filtrate  contains  the  excess  of  barium  chloride,  toget 
'itli  the  chloridea  of  tlie  metals  present ;  separate  barium  from 
itter  by  metboda  given  in  the  fifth  section.  The  fluid  obtained 
■eating  the  ignited  barium  sulphate  with  hydrochloric  acid,  ei 
rating  and  filtering  from  the  small  amount  of  barium  sulph: 
mat  be  added  to  the  first  solution  before  separating  barium  fron 

b.  In  Sulphates  which  are  insolvHe  or  diffieulily  8ol\Me 
Vater  or  in  Hydrocldoric  Acid. 

a.  From  barium,  strontium  and  calcium :  Fuse  the  finely  ] 
erized  substance  in  a  platinum  crucible,  with  6  parts  of  mi: 
>dium  and  potassium  carbonates.  Put  tlie  crucible,  with  itac 
mts,  into  a  beaker,  or  into  a  platinum  or  porcelain  dish,  p 
rater  over  it,  and  apply  heat  until  the  alkali  sulpliates  and  carl 
tea  are  completely  dissolved  ;  filter  the  hot  solution  from  the  re 
ary  alkali-eartli  carbonates,  wash  the  latter  thoroughly  with  wa 
J  which  a  little  ammonia  and  ammonium  carbonate  has  been  add 
nd  determine  according  to  §§  101  to  103.  If  the  precipitates  lii 
een  well  washed,  it  is  perfectly  admissible  to  ignite  and  weigl 
nee.  Precipitate  the  sulphuric  acid  from  the  filtrate,  as  in 
fter  acidifying  with  hydrochloric  acid.  Finely  pulverized  ealeii 
id  strontium  sulphates  may  be  completely  dccompMed  also 
oiling  with  a  solution  of  potassium  carbonate.* 

•  Sodium  carbonate  does  not  nnswer  as  well. 
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fi.  From,  lead:  Tlie  simplest  way  of  effectiug  tlie  decotnposi- 
n  of  lead  sulphate  con^ts  in  digesting  it,  at  the  common  tem- 
Titure,  witli  a  stilution  of  liydrogen  sodium  or  hydrogen  potas- 
m  carbonate,  filtering,  washing  the  precipitate,  determining  the 
phnric  acid  in  the  filtrate  as  in  I.,  dissolving  the  precipitate, 
ich  contains  alkali,  in  nitric  or  acetic  acid,  and  determining  the 
d  in  the  solution,  by  one  of  the  methods  given  in  §  162. 
Presence  of  strontium  and  calcium  necessitates  no  altei-ation  in 
B  method;  bnt  if  barium  also  is  present,  and  it  is  accordingly 
teesary  to  ignite*  the  mixtare  with  alkali  carbonates,  a  small 
tion  of  lead  always  remains  in  solution  in  the  alkaline  fluid ;  this 
st  be  precipitated  bypassing  through  it  carbon  dioxide  before 
Bring. 

y.  From  mercury  m  mercuroys  mdphate :  Mereurons  sulphate 
best  diBsolved  by  warming  with  dilute  hydrochloric  acid  with 
lition  of  potassium  chlorate  or  bromine,  and  the  solution  is 
ited  according  to  a.  If  the  salt  is  boiled  with  solution  of  potae- 
m  carbonate,  the  mercnrous  carbonate  first  formed  is  decern- 
ed, and  the  residne  contains  metallic  mercnry  and  mercuric 
de ;  a  small  part  of  the  latter  pasees  into  the  filtrate. 

III.  Estimation  of  Fbeb  Sulpuubic  Acid  in  pkes- 
ENCB  OF  Sulphates. 
We  have  occasionally  to  estimate  the  free  acid  in  presence  of 
[>hate8,  as,  for  instance,  in  vinegar,  wine,  etc.  According  to  A. 
tABDf  tlie  following  is  the  only  direct  method  which  can  be 
ed  on.  Evaporate  on  the  water-bath  to  dryness  and  exhaust  the 
due  with  absolute  alcohol ;  determine  the  combined  acid  in  the 
due,  and  the  free  acid  iu  the  alcoholic  extract,  after  mixing  witJi 
er  and  evaporating  off  the  alcohol.  It  has  been  said  that  the 
ect  may  be  obtained  by  the  use  of  barium  carbonate,  which  is 
posed  to  throw  down  the  free  acid  only,  but  this  is  erroneons, 
«  alkali  sulphates  in  aqueous  solution  are  partially  decomposed 
he  ordinary  temperature  by  barium  carbonate.  In  some  cases 
amonnt  of  free  sulphuric  acid  present  may  be  calculated  after 
ing  determined  the  total  amount  of  basic  and  acid  radicals 
sent.  When  no  other  free  acid  is  present,  free  sulphuric  acid 
r  be  determined  by  the  acidimetric  process. 

•  Thie  is  best  done  in  n  porcelain  erucible. 

f  Compt.  rend.  08,  SIS;  Z«ilBcbr.  f.  anal.  Cbem.  4,  219. 
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Supplement  to  the  Second  Division, 

§  133. 

Hydboflcobilicio  ActD. 

If  joD  hare  hydrofluoeilicic  actd  in  solution,  add  solution 
potaseium  chloride,  then  a  volume  of  strong  alcohol  equal  to 
fluid  preeeut,  collect  the  precipitated  potassium  eilicofluoride  o 
weighed  filter,  and  wash  with  a  mixture  of  equal  volumes  of  a1 
hoi  and  water.  Dry  the  washed  precipitate  at  -100°,  and  wei 
Mix  the  alcoholic  filtrate  with  hydrochloric  acid,  evaporate  toe 
ness,  and  treat  the  residue  with  hydrochloric  acid  and  water, 
this  leaves  an  undissolved  residue  of  silicic  acid,  thid  is  a  sign  t 
the  examined  acid  contained  an  excess  of  silicic  acid  ;  the  wei 
of  the  residue  shows  the  amount  of  excess.  Potassium  silicofii 
ido  dried  at  100°  has  the  formula  (KF),  SiF,;  for  its  properl 
see  §  68.  Instead  of  weighing  it,  it  may  be  estimated  volume! 
ally  according  to  §  97,  4.  The  analysis  of  metallic  silicofiuoride 
best  effected  by  heating  in  platinum  vessels,  with  concentrated 
phuric  acid ;  silicon  fluoride  and  hydrofluoric  acid  volatilize,  the  b 
metals  are  left  behind  in  the  fonii  of  sulphates,  and  may,  inm 
cases,  after  volatilizatiou  of  the  excess  of  sulphuric  acid,  be  weig 
as  such.  If  the  metallic  eilicofluorides  to  be  analyzed  contain  wi 
the  latter  cannot  be  estimated  by  mere  ignition,  since  silicon  fluo 
would  escape  with  the  water,  II.  Rose  recommends  the  follon 
method :  Mix  them  most  intimately  with  6  parts  of  recently  ign 
lead  oxide,  cover  the  mixture  in  a  small  retort,  with  a  layei 
pure  lead  oxide,  weigh  the  retort,  heat  cautiously  until  the  cont 
begin  to  fuse  together,  remove  the  aqueous  vapor  still  remaii 
in  the  vessel  by  suction,  and  weigh  the  retort  again  when  c 
The  diminution  of  weight  shows  the  quantity  of  water  expel 
Do  not  neglect  testing  the  drops  of  the  escaping  water  ^ 
litmus  paper ;  the  result  is  accurate  only  if  they  have  no 
reaction. 

F.  Stolba*  proposes  the  following  process,  at  least  for  < 
pounds  soluble  in  water :  Put  into  a  crucible  double  as  much  i 
nesia  as  is  necessary  to  decompose  the  silicofluoride  to  be  analy 
ignite  it  as  strongly  as  possible,  allow  to  cool,  and  weigh.  Add  w 

*  Zeltschr.  f.  anal.  Chem.  7,  98. 
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form  a  ibick  paste,  and  then  tlie  weighed  silicoflnonde ;  if  the 
QOTint  of  water  present  is  not  enough  to  dissolve  the  compound, 
Id  some  more,  mix  with  a  platinum  wire  which  must  afterwardc 
'.  wiped  off  clean,  dry,  ignite,  and  weigh.  The  increase  in  weiglit 
OWE  the  amount  of  anhydrous  eilicoflaoride,  provided  no  oxide  is 
esent  which  takes  up  oxygen. 


Third  Division  of  the  First  Oroup  of  the  Acids. 

PHOSPBOBIO    ACID BOBACIC   ACID OXALIC   ACID HTDSOFLDOBIO 

Acm. 


1.  Phosphobic  Acm. 
I.  Dftekmination, 

Orthophosphoric  acid  may  be  determined  in  a  great  variety  of 
tys.  Tlie  forms  in  which  this  determination  may  be  effected 
ve  been  given  already  in  §  93,  4.  The  most  appropriate  forms 
r  the  purpose,  however,  are  magnesium  pyrt^hoaphate  and  ura^ 
I  pynyphmphate.  The  detennination  as  magnesium  pyrophos- 
ate  is  frequently  preceded  by  precipitation  in  another  way, 
>ecially  as  ammonium  phospho-molybdate,  occasionally  as  stannic 
osphate  or  mercurous  phosphate.  The  other  forms  in  whicli 
osphoric  acid  may  be  determined  give  also,  in  part,  very  good 
mlts,  but  admit  only  of  a  more  limited  application.  With 
ipect  to  Tolametric  methods,  tliose  wliich  depend  upon  the  use 
standard  solution  of  uraninm  are  tlie  best. 

"With  regard  to  meta-  and  pyrophosphoric  acids,  I  have  simply 
remark  here  that  theae  acids  cannot  be  determined  by  any  of  the 
sthods  given  below.  The  beat  way  to  effect  their  determination 
to  convert  them  into  orthophosporic  acid,  as  follows : 

a.  In  the  dry  way.  By  protracted  fusion  with  from  4  to  6 
rta  of  mixed  sodium  and  potassium  carbonates.  This  method  is, 
wever,  applicable  only  in  the  case  of  alkali  meta-  and  pyrophos- 
latea,  and  of  those  metallic  meta-  or  pyrophosphates  which  are 
mpletely  decomposed  by  fusion  with  alkali  carbonates  ;  it  fails, 
Gordingly,  for  instance,  with  the  salts  of  the  alkali-earth  metals, 
^^eeinm  excepted. 

fi.  In  the  wet  way.    The  salt  is  'lieated  for  some  time  with  a 
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strong  acid,  best  with  concentrated  Bulphnrie 
method  leads  only  to  the  attainment  of  appro 
case  of  all  suite  whose  basic  radicals  form  sol 
added,  since  in  these  cases  the  metar  or  p; 
never  completely  liberated  ;  bat  the  desired 
attained  by  the  use  of  any  acid  which  forms  iusc 
with  the  basic  radicals  present.  Respecting  t 
in  the  former  case,  I  have  fonnd  that  it  app 
completeness  the  greater  the  quantity  of  free 
the  ebnllition  must  be  long  continued. 

Bcnce's  statcmentjj  that  phosphoric  acii 
phosphate  is  evaporated  to  dryness  with  hydn 
and  the  residue  heated  a  little,  is  quite  err 
paper  on  the  subject,  in  Annal.  der  Chem,  ii 
Bat,  on  the  other  hand,  it  must  be  borne  in 
plioric  acid  under  these  circumstances  changei 
but  at  a  temperature  still  below  150°,  to  pyrop 
for  instance,  upon  evaporating  common  hyi 
phate  with  hydrochloric  acid  in  excess,  and 
150°,  we  obtain  2  NaCl  +  Na,H,P.O,. 

a.  Determination  as  Lead  PhospAaie. 

Proceed  as  with  arsenic  acid,  §  127,  1,  a- 
a  weighed  quantity  of  oxide  of  lead,  and  ignti 
supposes  that  no  other  acid  is  present  in  the  a 
solution ;  it  has  tins  great  advantage,  that  it 
no  matter  whether  ortho-,  meta-,  or  pyrophosj 

h.  Detennination  as  Ma^iesium  Pyroph* 

a.  Direct  determination.  Suitable  in  all 
i|uite  certain  that  the  acid  present  is  orthop 
or  combined  as  an  alkali  phosphate. 

The  solution  should  be  neutral,  or  only  mt 
Add  ammonium  chloride,  and  then  the  usn 
(§  62,  6),  in  sufficient  but  not  too  excessive  ( 
Tlie  precipitate  being  under  these  conditic 
fonried,  appears  distinctly  crystalline.  Aftei 
monia  gradually  to  the  amount  of  one  third 

•  Pogg.  AddbI.  78,  187. 

f  Tbcro  arc.  however,  other  considerations  which  t 
respect  t  Sillim.  Jc 
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to  stand  12  hours  in  a  well-covered  vcBScl  in  the  cold,  filter,  test 
the  filtrate  with  magneaia  mixture  and  ammonia,  and  wash  the  pre- 
cipitate with  ammonia  diluted  with  3  volumes  of  water  till  the 
washingB,  when  acidified  with  nitric  acid  and  tested  with  silver 
nitrate,  are  no  longer  rendered  turbid  ;  proceed  according  to  §  104, 
2.  The  precipitate  is  not  absolutely  insoluble  in  ammoniated 
water,  therefore  it  ie  well  to  wash  b;  suction,  as  tliis  redaces  the 
necessary  amount  of  wash  water  to  a  minimum.  The  results  are 
accurate  (Expt.  No.  89,  also  Kissei,*).  If  there  is  reason  to  sus- 
pect the  puritj  of  the  precipitate,  dissolve  it  in  hydrochloric  acid, 
and  throw  down  again  with  ammonia,  adding  some  magnesia 
mixture.  If  the  magnesia  mixture  is  omitted,  the  solution  being 
free  from  magnesia  will  dissolve  some  of  the  precipitate.  Com- 
pare KissEi^  loc.  cit.  Properties  of  the  precipitate  and  residue, 
§  74,  If  the  solution  contains  pyrophosphoric  acid,  the  precipi- 
tate is  fiocculent  and  dissolves  to  a  notable  degree  in  ammoniated 
water  (Wkbkb). 

fi.  Indirect  dsUrminaium,  with  previous  precipitation  as  ammo- 
nium  phoephomolyhdate,  after  SoNNENSCHEiN.f 

Applicable  in  all  cases  in  which  the  phosphoric  acid  present  is 
orthopTtosphnric,  even  in  presence  of  salts  of  the  alkali-earth  metals, 
aluminium,  ferric  iron,  &c  Tartaric  acid,  however,  and  similarly 
acting  organic  substances  must  he  absent.  No  considerable  quan- 
tity of  free  hydrochloric  acid  may  be  present.  Large  quantities  of 
ammonium  chloride,  and  of  metallic  chlorides  generally,  also  of 
certain  ammoniam  salts,  especially  the  oxalate  and  citrate  (KoHio)^, 
are  to  be  avoided.  Ammonium  nitrate  assists  the  precipitation  and 
neutralizes  the  injurious  action  of  very  large  quantities  of  nitrates 
and  sulphates  (E.  IticHTEK8)§.  The  molybdenum  solution  described 
"  Qaal.  Anal.,"  §  55,  is  employed  as  the  precipitant  It  contains  5 
per  cent,  of  molybdic  acid.  The  fluid  to  be  examined  for  phos- 
phoric acid  should  be  concentrated,  it  may  contain  free  nitric  or 
free  snlphnric  acid.  Transfer  to  a  beaker  and  add  a  considerable 
quantity  of  the  molybdenum  solution.  About  40  parts  molybdic 
acid  must  be  added  for  every  1  part  phosphoric  anhydride,  there- 
fore 80  cc  of  the  molybdic  solution  for  ■!  grm.  Stir,  without 
touching  the  sides,  and  keep  covered  12  honrs  at  about  40°.  Then 
remove  a  portion  of  the  clear  supernatant  fluid  with  a  pipette,  mix 

*  Zeitschr.  f.  uial.  Cbem.  8, 170.  \  Joum.  f.  prakt  Chem.  S8,.84S.. 

X  ZeitschT.  t.  anal.  Chem.  10,  806.         %Ib.  10,  409. 
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it  with  an  eqoal  volume  of  molybdenum  eolation,  and  allow  it  U 
stand  eome  time  at  40°.  If  a  further  precipitation  takes  place 
return  the  portion  to  the  main  quantity,  add  more  molybdenun 
solution,  allow  to  stand  again  13  hours,  and  test  again.  Whei 
complete  precipitation  lias  been  effected  pour  the  fluid  off  throng 
a  small  Alter  and  wash  the  precipitate  entirely  by  decantatiou 
using  a  mixture  of  100  parts  inolybdate  solution,  20  parts  nitrii 
acid  of  1'2  sp.  gr.,  and  80  parts  water.*  The  washing  mnst  b 
thorough,  and  the  last  runnings  must  not  be  precipitated  by  exces 
of  ammonia,  even  if  lime,  iron,  &c,  was  present  in  the  solutioE 
Now  dissolve  the  precipitate  in  the  least  quantity  of  ammonii 
pour  the  fluid  through  the  small  filter,  when  the  minute  amount  o 
precipitate  thereon  will  be  dissolved,  wash  the  filter  with  ammoni 
diluted  with  three  volnmes  of  water,  mix  the  flltrate  and  wasbingi 
and  add  hydrochloric  acid  carefully  till  the  precipitate  prodncec 
instead  of  rediasolving  instantly,  takes  a  little  time  to  disappear 
finally  throw  down  with  magnesia  mixture  (compare  a).  If  th 
ammonia  leaves  a  small  amount  of  the  precipitate  nndissolvM 
treat  the  residue  with  nitric  acid  and  test  the  filtrate  with  molybdi 
solution  in  order  to  aave  any  phosphoric  acid.  Restdts  accuratci 
As  this  method  requires  bo  large  a  quantity  of  molybdic  acid, : 
is  usually  resorted  to  only  in  cases  where  methods  i,  a,  and  c  «i 
inapplicable ;  and  the  phosphoric  acid  in  the  quantity  of  snbstant 
taken  is  not  allowed  to  exceed  '3  grm.  Arsenic  acid  and  sihd 
acid, J  if  present,  must  first  be  removed.  Of  all  the  methods  f( 
determining  phosphoric  acid  which  are  admissible  in  the  pre8en( 
of  ferric  and  aluminium  salts,  this  is  the  best  in  my  opinion,  esp 
cially  for  the  estimation  of  small  quantities  of  the  acid  in  present 
of  large  quantities  of  these  salts. 

*  According  to  E.  Richters  (Zeitsclir.  f.  anal.  Chem.  10,  471)  jaii  ma.j  al 
wash  with  asotutioaof  ammonium  iiitrBl«coDtBliiIng  15  grm.  in  100  c.c  alight 
acidtfled  with  nitrin  acid  and  contuaing  a  few  per-centa  of  motjbdic  ac 
.  Bolutlon. 

t  Zeitscbr.  f.  anal.  Chem.  8.  440,  and  6,  403. 

X  Silicic  acid  may  bIro  he  thrown  down,  in  form  of  a  yellow  precipitate,  1 
:acid  solution  of  ammonium  molybdate,  especially  in  presence  of  much  smm 
aium  chloride  (W.  Khop,  Chem.  Centralb.  18S7,  691).  Mr.  Qkusd^axs,  wl 
repeated  Knop'b  experiments  in  mj  laboratory,  obtained  the  same  results.  T 
precipitate  dissolves  in  ammonia.  If  the  soludon,  after  sddilion  of  some  amni 
inLum  chloride,  la  allowed  to  stand  for  some  time,  the  silicic  acid  separates,  ai 
the  phosphoric  acid  may  then  be  precipitated  from  the  filtrate  with  magnesi 
imizturei.it  iSiiiowereT,  always  the  safer  way  to  remove  silicic  add  flnL 
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Y-  Indirect  deterrmnai,ion,  with  previons  precipitation  as  mer- 

yas  phosphate,  after  H.  Eobe.* 

Applicable  for  the  separation  of  phosphoric  acid  (also  of  pyro- 

metaphosplioric  acid)  from  all  basic  radicals,  except  alnminitini. 
np.  §  135,  h. 

Dissolve  the  phosphate  in  neither  too  large  nor  too  siDaR  a 
otity  of  nitric  acid,  in  a  porceWn  dish,  add  pure  metallic  mer- 
7  in  sufficient  quantity  to  leave  a  portion,  even  though  only  a 
U  one,  nudissolved  by  the  free  acid.  Evaporate  on  the  water- 
I  to  dryneea.  If  the  warm  mass  still  evolves  an  odor  of  nitric 
,  moisten  it  with  water,  and  heat  again  on  the  water-bath,  until 
nells  no  longer  of  nitric  acid.  Add  now  hot  water,  pass  through 
lall  filter,  and  wash  nntil  the  washings  leave  no  longer  a  fixed 
iue  upon  platinum.  Dry  the  filter,  which,  beBidea  mercurous 
sphate,  contains  also  basic  merenrons  nitrate  and  free  mercury, 

its  contents,  in  a  platinum  crucible,  with  mixed  sodium  and 
£sium  carbonates  in  excess,  roll  the  filter  into  the  shape  of  a 

place  it  in  a  hollow  made  in  the  mixture,  and  cover  the  whole 
L  a  layer  of  the  mixed  carbonates.  Expose  the  crucible,  under 
imney  with  good  draught,  for  about  half  an  hour  to  a  moderate 
,  so  that  it  does  not  get  red-hot.  At  this  temperature,  the 
cnrouB  nitrate  and  the  metallic  mercary  volatilize.  Heat  now 
■  the  lamp  to  bright  redness,  and  treat  the  residue  with  hot 
jr,  which  will  dissolve  it  completely,  if  no  "ferric  oxide  be 
cut,  and  if  no  oxide  of  platinum  has  been  formed.     The  latter 

occur  on  account  of  too  rapid  heating,  which  might  produce 
Qin  nitrate,  which  wonld  act  upon  the  platinum.     Supersatu- 

the  clear  (if  necessary,  filtered)  solntion  with  hydrochloric 
,  add  ammonia  and  magnesia-mixture,  and  proceed  as  in  a. 
y.  Indirect  determination,  with  previous  precipitation  as  ataji- 
phoaphate. 

4.fter  GiBARD  f  Dissolve  the  snbstance  in  highly  concentrated 
ic  acid,  remove  all  chlorine  either  by  precipitation  with  silver 
ite  or  by  repeated  evaporation  with  nitric  acid,  add  8  times  as 
;h  tinfoil  as  there  is  phosphoric  acid  present,  and  warm  the 
ture  5  or  6  hours,  until  the  precipitate  has  completely  subsided, 
ing  the  supernatant  fluid  clear.  Wash  with  hot  water  by 
.ntation  and  finally  by  filtration.     The  precipitate  consists  of 

•  Fogg.  Annal.  76,  318. 

I  CompL  rend.  54,  466;  ZeltactiTift  f  kdaXjX.  Chem.  1.  866. 
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iiietastannic  acid  and  Btanaic  pliosplmtc,  togetl 
and  aluiniiijum  phosphate.  Heat  it  either  i 
quantity  of  aqua  regia,  and  tlien  with  ammi 
sulphide,  or  immediately  with  ammonium  sulj 
last  process  is  recommended  by  O.  Baber,*  oe 
fonner  leaves  a  little  phosphoric  acid  in  tl 
wliole  is  digested  about  two  tionre,  and  then 
tate,  consisting  of  ferrons  sulphide  and  alun 
washed  with  wann  ammonium  sulphide,  then 
ing  a  little  ammonium  Bulphide,  dissolved  in 
solution  thns  formed  mixed  with  the  filtrate  ; 
tato  which  contains  the  principal  quantity  i 
From  the  ammonium  snlpliide  filtrate,  which 
pliide  and  ammonium  phosphate,  the  phospl 
precipitated  by  magnesia-mixture.  I  may  ad 
siders  4  to  5  parts  tin  sufficient  for  1  part 
afforded  by  his  test-analyeee  are  nnexception 
JASov6KT,t  at  least  six  parts  of  tin  mnst  be  m 
be  free  from  arsenic. 

c,  DetermiiKUion  aa  Uranyl  Pyropho^ha 
After  Lkconte,  A.  Ahentit,  and  W.  Kn( 
in  presence  of  alkali  and  alkali-eaith  metals,  bi 
any  notable  amount  of  aluminium ;  in  pi-esen' 
method  can  be  applied  only  with  certain  mod 
it  is  possible,  prepare  an  acetic  acid  solution  o 
you  have  a  nitric  or  hydrochloric  acid  aolutioii 
portion  of  the  free  acid  by  evaporation,  add 
litmus  paper  dipped  into  it  tnrns  very  disti; 
redisBoIve  the  precipitate  formed  in  acetic  aci 
were  present,  add  also  some  ammonium  acet 
beneficial  under  any  circnmstances.  Mix  the 
tion  of  nranyl  acetate,  and  heat  the  mixture  t 
canse  the  phosplioric  acid  to  separate,  in  for 
yellow  ammonium  nranyl  phosphate. 

'Zelucbr.  t.  diegesammteDNatumiBseDsch.  1S64, 

t  Zeitscbr.  f.  &DaI.  Cbem.  11,  107. 

%  Lecontb  was  the  first  to  recommend  the  melbod  i 
ric  acid  from  acetic  acid  aolutions  \iy  means  of  a  salt  c 
LiEBia  und  Eopf,  fOr  1853,  643);  A.  AKGirnr  and  W. 
mbjec(«d  It  to  a  careful  and  aearcbiDg  examination  (Cb 
808;  asd  1S67, 177).  §  Chem.  €< 
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Wash  the  precipitate,  first  by  decantation,  boiling  op  each  time, 
en  bj  filtration ;  the  operation  inaj  be  materially  facilitated  by 
Iding  a  few  per-ceats  of  ammonium  nitrate  to  the  water.  Dry 
e  precipitate,  and  ignite  as  directed  §  58.  It  is  advisable  to 
aporate  small  quantities  of  nitric  acid  on  the  Ignited  precipitate 
peatedly,  and  to  reigiiite.  The  residne  ranst  have  the  color  of 
e  yolk  of  an  e^.  For  the  properties  of  the  precipitate  and  resi- 
le, see  §  93,  4,  e.  Should  it  be  necessary  to  dissolve  the  ignited 
sidne  again,  for  the  purpose  of  reprecipitating  it,  tliis  can  be  done 
ily  after  fusing  it  with  a  large  excess  of  mixed  sodium  and  potas- 
im  carbonates,  and  thereby  converting  the  pyrophosphoric  into 
thophosphoric  acid.  Results  accurate ;  compare  the  test-analyses 
p-en  by  the  authors,  Expt.  No.  90,  and  Kissel's  experiments.* 

d.  Determination  as  Batic  Ferric  Phosphate. 

a.  Mix  the  acid  fluid  containing  the  phosphoric  acid  with  an 
cess  of  solution  of  ferric  chloride  of  known  strength,  add,  if 
ccssary,  sufficient  ammonia  to  neutralize  the  greater  portion  of 
e  free  acid,  mix  with  ammonium  acetate  in  not  too  large  excess, 
d  boil.  If  the  quantity  of  solution  of  ferric  chloride  added  was 
fficient,  the  precipitate  must  be  brownish-red.  This  precipitate 
nsista  of  basic  ferric  phosphate  and  basic  ferric  acetate,  and  con- 
ins  the  whole  of  the  phosphoric  acid  and  of  the  ferric  iron.  Fil- 
r  oS  boiling,  wash  with  boiling  water  mixed  with  some  ammo- 
iim  acetate,  dry  carefully.  [Detach  the  greater  part  of  the 
ecipitate  from  the  filter,  incinerate  the  filter,  transfer  to  the 
Dcible  the  main  part  of  the  precipitate,  moisten  with  strong 
trie  acid,  diy,  moisten  again  with  nitric  acid  and  dry  and  ignite 
without  these  precantions  reduction  of  ferric  oxide  to  magnetic 
ide  is  liable  to  occur.]  Deduct  from  the  weight  of  the  residue 
At  ferric  oxide  produced  from  the  solution  added  ;  the  difierence 
the  P.  O.. 

[This  modification  of  Schulze's  method  was  first  recommended 

A.  MiJLLEB  ;t  it  has  been  adopted  also  by  Way  and  Ogston,  in 
3ir  analyses  of  ashes.;^  Mi^lleb's  improvement  consists  in  the 
B  of  a  solution  of  ferric  chloride  of  known  strength,  whereby  the 
termination  of  iron  in  the  residue  is  dispensed  with.] 

fi.  J.  Weeben!s  method,  suitable  for  the  estimation  of  the  phos- 

*  Zeitachr.  f.  uial.  Chem.  8,  IST.  \  Joum.  f.  pnkt  Cbem.  47,  S41. 

X  JoiiTn»l  of  the  Royal  Agricultural  Society,  vUL  port  L 
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phone  acid  in  phosphates  of  the  alkali  and  alkali-earth  meta 
Mix  the  nitric  acid  solution  of  the  plioephate  under  examinati 
which  must  contain  no  other  strong  acid,  with  a  solution  of  fei 
nitrate,  of  known  strength,  in  sufficient  proportion  to  insure 
formation  of  a  basic  salt  (2  or  3  parts  of  iron  should  be  present 
1  jmrt  P,0,) ;  evaporate  to  dryness,  heat  the  residue  to  160°,  n 
no  more  nitric  acid  fumes  escape,  treat  with  hot  water  cont^ 
ammonium  nitrate  natil  aU  nitrates  of  the  alkali  and  alkali-ea 
metals  are  removed,  collect  the  yellow-ochreous  precipitate  o 
filter,  dry,  ignite  (see  §  53),  weigh,  and  deduct  from  the  wei 
the  quantity  of  iron  added  reckoned  as  ferric  oxide.  LATecHiN( 
reconinieiids  heating  the  residue  to  200°,  warming  with  water ; 
a  few  drops  of  sulphuric  acid,  adding  ammonia  and  then  treat 
with  hot  solution  of  ammonium  nitrate.  He  says  that  the  pi 
phone  acid  is  tlius  more  completely  separated,  and  the  precipil 
may  be  more  readily  filtered  off. 

e.  Determination,  as  Normal  Magnesium  PhospKaU  1 
(PO.),. 

(Fb.  Schulzb's  method,  suitable  more  particularly  to  effect 
separation  of  phosphoric  acid  frotn  the  alkalies.:|:) 

Mix  the  solution  of  the  alkali  phosphate,  which  contains  ami 
nium  chloride,  with  a  weighed  excess  of  pure  magnesium  oxi 
evaporate  to  dryness,  ignite  the  residue  until  the  ammoniuio  ct 
ride  is  expelled,  and  separate  the  magnesium,  which  ia  still  pres 
in  fonn  of  magnesium  chloride,  by  means  of  mercuric  oxide  (§  1 
4,  y).  Treat  the  ignited  residue  with  water,  filter  the  solution 
tho  chlorides  of  the  alkali  metals,  wash  the  precipitate,  dry,  ign 
and  weigh.  The  excess  of  weight  over  that  of  the  magnesi 
oxide  used  shows  tlie  quantity  of  the  P.O..     Hcsulta  satisfaetor 

f.  ScHi.osiNo's  methodg  does  not  appear  to  offer  any  adv 
tages.  Tlie  pbospliate  is  mixed  with  silica  and  ignited  in  earl 
monoxide,  the  expelled  phosphorus  being  taken  up  by  copper  or 
silver  nitrate. 

g.  Determination  hy  Volumetrio  Analyaia  (  With  Uranit 
Solution). 

This  method  was  recommended  originally  by  Leoonte.| 

•  Jouni.  r.  prakt.  Chem.  67,  8.  f  Zeitschr.  f.  anal.  Chen.  7,  BIS- 

%  South,  f.  prakt.  Chem.  68,  440. 
§  Zeitschr.  f.  aiml.  Chem.  4.  118.  and  7,  478. 
I  Jahresbcr.  von  Liebio  u.  Eopp,  f  tlr  1853,  U2. 
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was  improved  and  described  in  det^l  by  Nedbaube,*  and  was 
afterwards  recomnneiided  hj  Pincub,  f  and  subeequently  by 
B0DEEEB.J:  The  jprinoiple  of  the  method  is  as  follows :  aranyl 
acetate  precipitates  from  solutions  rendered  acid  by  acetic  acid, 
liydrogen  aranyl  phoepliate,  or — in  the  presence  of  considemhle 
quantities  of  ammonium  salts — ammonium  uranyl  phosphate.  The 
proportion  between  the  uranium  and  the  phosphoric  acid  is  the 
same  in  both  compounds.  Both  componnds  when  freshly  precipi- 
tated and  suspended  in  water  are  left  unchanged  by  potassium 
ferrocyanide ;  uranyl  acetate,  on  the  other  hand,  is  indicated  by 
this  reagent  with  great  delicacy  by  the  formation  of  an  insoluble 
reddish-brown  precipitate. 

According  to  NEOBAUEEg  the  following  aolutions  are  employed : 

a.  A  solution  of  phosphoric  acid  of  hnmon  strength.  Pre- 
pared by  dissolving  lO'OSS  grm.  pure,  crystallized,  uneffloreeced, 
powdered,  and  pressed  hydrogen  sodium  phosphate  in  water  to  1 
htre.  50  c.c  contain  •!  grm.  P.O..  It  is  well  to  control  tliis  solu- 
tion by  evaporating  50  c.c  in  a  weighed  platinum  dish  to  dryness, 
igniting  strongly,  and  weighing.     The  weight  should  be  '1874  grm. 

h.  An  acid  solution  of  sodium  acetate.  Prepared  by  dissolv- 
ing 100  grm.  sodium  acetate  in  900  water,  and  adding  acetic  acid 
of  1'04  sp.  gr.  to  1  litre. 

c.  A  solution  of  uranyl  acetate  (§  63, 3).  This  is  standardized 
by  means  of  the  hydrogen  sodium  phosphate  solution.  1  c.c.  indi- 
cates "005  grm.  P.O..  The  solution  is  made  at  first  a  Uttle  stronger 
than  necessary,  so  that  it  may  contain  in  the  litre,  say,  32'5  grm. 
UO,(C,H,0,).  +  2H,0  or  34  grm.  UO,{C,H,0,).  +  3H,0  (corre- 
sponding to  22  grm.  170,0),  its  value  is  determined,  and  it  is 
diluted  accordingly.  To  determine  its  value  proceed  as  follows  : 
Transfer  50  c.c.  of  the  a  solution  to  a  beaker,  add  5  e.c.  of  the  b 
solntion,  and  heat  in  a  water-bath  to  90 — 100°.  Now  run  in  nra- 
ninm  solution,  at  first  a  large  quantity,  at  last  in  i  c.c,  testing  after 
each  addition  whether  the  precipitation  is  finished  or  not.  For 
this  purpose  spread  out  one  or  two  drops  of  the  mixture  on  a  white 
porcelain  surface  and  introduce  into  the  middle,  by  means  of  a  thin 
glass  rod,  a  small  drop  of  freshly  prepared  potassium  ferrocyanide 
solution  or  a  little  of  the  powdered  salt.     As  soon  as  a  trace  of 

*  ArchiT.  fOr  wlgaeaKhaftlicbe  HcllkuDde,  i,  2S8, 

t  Journ.  f.  prakt.  Chem.  70, 104.        |  Anal,  d,  Cbem.  u.  Phum.  117,  lOS. 

g  His  Anleitung  zui  HarnuialyH,  S  Aufl.  171. 


by  Google 


!  DETEBMINATION,  [|  11 

«BE  of  aranyl  acetate  is  present,  a  reddish-brown  spot  forma 
I  drop,  which,  Borroanded  as  it  is  by  the  colorless  or  ahn 
orlees  flnid,  may  be  very  distinctly  perceived.  When  the  fi 
ction  has  jnst  appeared,  heat  a  few  minutes  in  the  water-b 
1  repeat  the  testing  on  the  porcelain.     If  now  the  reactioi 

I  plain  the  experiment  is  concluded.  If  tlie  uranium  Bolnt 
i  been  exactly  of  the  required  strength,  20  c.c.  would  have  b 
'A;  but  it  is  actually  too  concentrated,  h^nce  less  than  SO 
ist  liave  been  used.     Suppose  it  was  18  cc,  then  the  solut 

II  be  right,  if  for  ovei^  18  e.c.  we  add  2  cc  of  water.  If  in 
it  experiment  we  find  that  the  solution  is  much  too  strong, 
iition  is  diluted  with  somewhat  less  water  than  is  properly  Epc 
;  required,  another  experiment  is  made,  and  it  is  then  diln 
ictly. 

The  actual  analysis  mnst  be  made  under  as  nearly  as  poe^ 
lilar  circumstances  to  those  under  which  the  standardizing  of 
mium  solution  was  performed,  especially  as  regards  the  eodi 
state.  This  salt  retards  the  precipitation  of  nraninm  by  pc 
m  ferrocyanide,  hence  the  test-drop  on  the  porcelain  p 
x>mes  darker  and  darker.  The  analyst  should  accustom  him 
observing  the  first  appearance  of  the  slightest  brownish  col 
a  in  the  middle  of  the  drop,  and  should  take  this  as  the  ( 
ictiou.  It  need  hardly  be  added  that  the  same  person  n 
Lke  the  analysis  who  has  standardized  the  solution  (Neubaui: 

The  method  is  applicable  to  free  phosphoric  acid,  alkali  p 
atcs,  and  magnesium  phosphate,  also  in  the  presence  of  bi 
antities  of  the  phosphates  of  other  alkali-earth  metals,  b 
t  be  employed  in  presence  of  ferric  and  alumiaium  salts 
ve  the  substance  in  water  or  the  least  possible  quantity  o1 
d,  add  5  cc  of  the  h  solution,  dilute  to  50  cc,  and  procet 
3  addition  of  uranium  as  above.     The  results  are  very  s 
y.     Compare  Kissel's  experiments,*     If  the  above  procet 
lowed  in  the  presence  of  much  calcium,  for  instance  with  a  f 
n  of  calcium  phosphate  in  dilute  acetic  acid,  the  results 
aost  always  too  low,  as  little  calcium  phos] 
ing  with  uranyl  phosphate.    [The  best  meai 
-or  is,  according  to  Abesseb,  Jani,  and  Mab( 
;  uranium  solution  under  the  same  conditioi 

•  Zeitachr.  f.  sdsI.  Chem.  8, 167. 
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list  when  the  solntion  is  used  for  the  actual  determination  of 
iphoric  acid.  It  must  therefore  be  standardized  with  calcium 
ipbate.  Prepare  a  solntion  of  suitable  strength  by  dissolving 
t  Ca,(FO,),  in  the  smallest  possible  qnantity  of  nitric  acid  and 
ting  to  the  desired  Yolnme.  Determine  accurately  the  amount 
Ja,(PO),  in  this  solution  by  evaporating  to  dryness  in  a  plati- 
1  vessel  50  cc,  moistening  the  residue  with  ammonia  and  ignit- 
The  residual  somewhat  hygroscopic  calcium  phosphate  is 
kly  weighed  in  the  covered  platinum  vessel], 

Sefakation  or  Phobphobio  Acid  fboh  the  Basio  Kadicals. 
§135.  ' 

[.  From  ike  Alkaliea  (see  also  d,  k,  and  Q. 
1".  Add  ammonium  chloride,  or  hydrochloric  acid,  then  lead 
lie,  exactly,  till  no  more  precipitate  is  produced,  and  lastly 
B  pure  lead  carbonate  (prepared  by  precipitating  lead  acetate 
I  ammonium  carbonate,  Babek*),  allow  to  digest  for  some  time, 
r  off  the  precipitate  consisting  of  lead  phosphate,  chloride,  and 
onate,  wash,  precipitate  from  the  filtrate  the  slight  excess  of 
by  hydrogen  sulphide,  filter  and  evaporate  with  hydrochloric 
(in  the  case  of  lithium,  sulphuric  acid).  If  the  phosphoric 
is  to  be  estimated  in  the  same  portion,  proceed  with  the  first 
ipitate  (after  washing  to  remove  the  larger  quantity  of  chlo- 
),  according  to  J. 

S.  (Only  applicable  in  the  case  of  fixed  alkalies.)  Separate  the 
iphoric  acid  as  ferric  phosphate,  according  to  one  of  the  metU- 
given  §  134,  d.  Or  if  you  do  not  wish  to  determine  the  phos- 
-ie  acid  it  is  very  convenient  to  acidify  with  hydrochloric  acid, 
ferric  chloride,  dilute  rather  considerably,  add  ammonia  till  the 
I  is  neutral,  and  boil ;  all  the  phosphoric  acid  will  then  separate 
1  ferric  oxychloride  as  feme  phosphate.  The  separation  of 
iphoric  acid  may  also  be  effected  as  magnesium  phosphate 
a,  e).  The  alkfdies  are  contained  in  the  filtrate  as  nitrates  or 
rides. 

I.  From  Barium,,  Strontium.,  Caleium,  and  Lead. 
rhe  compound  under  examination  is  dissolved  in  hydrochloric 
itnc  acid,  and  the  solution  precipitated  with  sulphuric  acid  in 

cltechr.  f.  die  ges.  Naturwlas.  18H  S98;  Zeitscbr.  f.  anal.  Chem.  4, 120. 
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eliglit  excess.  Tn  tlie  separation  of  pliosph 
calcium,  and  lead,  alcohol  is  added  with  t 
phosphoric  acid  in  the  filtrate  is  determin 
or,  after  removal  of  the  alcohol  by  evapora' 
of  the  phosphoric  acid  is  effected  most  ace 
dnid  with  Bodiom  carbonate^  evaporating  t 
residue  with  sodimn  and  potassium  carbon 
then  dissolved  in  water,  and  the  further 
§  134,  b,  a. 

c.  JFrom  May'negium  (see  also  d,  A,  k,  i 
Add  ferric  cliloride  in  sufficient  exct 

barium  carbonate,  allow  to  remain  for  sevi 
stirring,  filter  and  separate  magnesium  an 
after  §  154. 

d.  From  the  whole  of  the  Al&ali-earth 
lies  (com p.  h,  k,  l). 

a.  Dissolve  iu  the  least  possible  qnan 
little  ammonium  chloride,  precipitate  exaci 
a  httle  lead  carbonate  (precipitated),  dig( 
excess  of  lead  rapidly  from  the  filtrate  by 
and  determine  the  basic  metals  in  the  filtr 

>3.  Dissolve  in  water,  and — in  case  of 
earth  metals — the  least  possible  nitric  acid, 
and  then  silver  carbonate,  till  the  fluid  re 
phoric  acid  now  separates  as  Ag,POj.  ^ 
Filter,  wash  the  precipitate,  dissolve  it  in  c 
tate  the  silver  with  hydrochloric  acid,  and  ( 
acid  in  the  filtrate  according  to  §  134,  h,  c 
silver  phosphate  is  freed  from  silver  by  h; 
basic  metals  are  then  determined  accordinj 
given  (G.  Chancel*).  A  good  and  convi 
proportion  of  alkali  is  very  lai^.  (If  th 
minium  or  ferric  iron,  they  are  complel 
silver  carbonate,  and  are  found  with  the  si 

y.  Separate  the  phosphoric  acid  as  nra 
and  the  excess  of  uraninm  from  the  alkali- 
filtrate,  according  to  §§  160  and  161,  Supj 

S.  Separate  the  phosphoric  acid  accoi 

*  CompL  rend.  49,  Wi 
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The  alkali-earth  metala  are  obtained  in  BolutioQ  in  the  tirst  case,  as 
chlorides,  together  with  alkali  acetate  and  cliloride ;  in  the  second 
case  as  nitrates.     Results  good. 

rf.  From  Aluininium, 

The  best  method  of  separating  phosphoric  acid  from  aluminium 
ia  that  depending  on  precipitation  b;  ammonium  molyltdate  {I). 
The  separation  of  the  acid  as  stannic  phosphate  {h,  a)  is  also  satis- 
factory. 

Of  several  other  metliods  which  hare  been  psod,  the  following 
(by  Wackembodee  and  Feebeniub)  is  one  of  easiest  to  carry  out : 
Precipitate  the  not  too  acid  solution  with  ammonia,  taking  care 
not  to  use  a  great  excess  of  that  reagent,  and  add  barium  chloride 
as  long  as  a  precipitate  continues  to  form.  Digest  for  some  time, 
and  then  filter.  The  precipitate  contains  the  whole  of  the  alumin- 
ium and  the  whole  of  the  phosphoric  acid ;  the  latter  combined 
partly  with  aluminium,  partly  with  barium.  Filter  it  off,  wash  it 
a  little,  and  dissolve  in  the  least  possible  quantity  of  hydrochloric 
acid.  Warm,  saturate  the  solution  with  barium  carbonate,  add 
pure  solution  of  potassa  in  excess,  apply  heat,  precipitate  the 
barium  which  the  solution  may  contain  with  sodium  carbonate, 
and  filter.  You  have  now  the  whole  of  the  aluminium  in  tlie 
solution,  the  whole  of  the  phosphoric  add  in  the  precipitate. 
Acidify  the  solution  with  hydrochloric  acid,  boQ  with  some  potas- 
sium chlorate,  aud  precipitate  as  directed  §  105,  Dissolve  the  pre- 
cipitate in  hydrochloric  acid,  precipitate  the  barium  with  dilute 
sulphuric  acid,  filter,  and  determine  the  phosphoric  acid  in  the 
filtrate  by  precipitation  with  solution  of  magnesium  in  the  manner 
described  in  §  134,  h,  a.  (Hermann  has  applied  a  perfectly  simi- 
lar method  in  his  analysis  of  [impure]  gibbsite.)     ■ 

f.  From  Chromium  (see  also  h,  k,  l). 

Fuse  with  sodium  carbonate  and  nitrate,  and  separate  the 
chromic  acid  and  phosphoric  acid  in  the  manner  described  %  166. 

g.  From  the  JHetala  of  the  FmHK  Group  (see  also  A,  ky  t). 

a.  The  method  so  often  used  of  fusing  with  sodium  carbonate 
does  not  give  accurate  results  on  account  of  the  constant  presence 
of  some  phosphoric  acid  in  the  washed  residue.  Compare  "W. 
ScHWEiKEBT*  and  G.  ScHWErrzEK-t    The  former  has  studied  the 

*  Annul,  d.  Cliem,  u.  Pharm.  145,  07;  Zeltachr.  f.  uml.  Chem,  7,  346. 
t  Zeltachr.  f  anal.  Chem.  9,  84. 


by  Google 


36  D£TEBHI»ATION.  [§  li 

ip&ration  of  zinc  from  phoeplionc  acid  by  this  ntetliod,  the  Uti 
le  separation  of  iron. 

li.  Dissolve  in  hydrocliloric  acid,  add  tartaric  acid,  ammonii 
lloride  and  ammonia,  and  finally,  in  a  flask  which  is  to  be  clot 
^rwards,  ammoniuiil  sulphide,  put  the  fiask  in  a  moderab 
arm  place,  allowing  the  mixture  to  deposit  until  the  fluid  appe 
i  a  yellow  color,  without  the  least  tint  of  green  j  filter,  and  del 
line  the  metals  as  directed  in  §§  108  to  114.  The  phosphc 
aid  is  found  from  the  loss  or  detennined  according  to  g  134,  h, 
'he  magnesia-mixture  may  immediately  be  added  to  the  filtn 
'hich  contains  ammonium  sulphide.  The  waslied  precipitate 
^dissolved  in  just  sufficient  hydrochloric  acid,  and  the  solnt 
^precipitated  by  ammonia  with  addition  of  magnesia-mixti 
'hie  method  is  not  well  adapted  for  nickeloDS  phosphate. 

h.  From  MeUda  of  the  Semrui,  Third,  and  Fourth  Groups. 

a.  More  especially  from  the  second  group,  aluminium,  man 
ese,  nickel,  cobalt,  zinc  ;  and  also  from  ferric  iron,  if  the  quant 
f  the  latter  is  not  too  considerable. 

The  phosphoric  acid  is  precipitated  as  stannic  phosphi 
ccording  to  §  134,  b,  d.  The  filtrate  contains  tlie  baeee  f 
rom  any  foi-eign  body  re<iniring  removal,  which,  of  courscjgrea 
icilitates  their  estimation.* 

i.  From  the  Metals  of  the  Fifth  and  Sixth  OroupB. 

Dissolve  in  hydrochloric  or  nitnc  acid,  precipitate  with  hyd 
en  sulphide,  filter,  determine  the  bases  by  the  methods  given 
§  115  to  127,  and  the  phosphoric  acid  in  the  filtrate  by  the  metl 
escribed  §  134,  i,  a.  From  silver  the  phosphoric  acid  is  se 
ited  in  a  more  simple  way  still,  by  adding  hydrocliloric  acid 
lie  nitnc  acid  solution ;  from  lead  it  is  separated  most  readily 
[le  method  described  in  h. 

k.  From  aU  Basic  Metals,  except  M^  roury  (H.  Rose). 

The  phosphoric  acid  is  separated  as  mercurons  phosphate 
loss's  method  (§  134,  b,  y). 

a.  If  the  substance  is  free  from  iron  and  atuminima,  ■ 
Urate  from  the  mercurous  phosphate  contains  all  the  metals 
itrates,  together  with  much  mercurons  nitrate,  and  occasions 

*  If  the  nilric  acid  Is  not  concentrated,  a  little  nitrate  of  protoilds  of  tli 
irmed.  which  dissolves  nod  must  afterwards  be  precipitated  from  the  Kid  0 
jr  Hulpliurelted  hydrogen.    BXbeb,  ZeitMhr.  t.  A.  g«s.  Naturwisa.  1884,  83i 
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0  some  mercaric  salt.  The  former  ie  removed  by  the  addition 
hydrochloric  acid.  The  precipitated  mercnrons  chloride  is  free 
im  other  metab :  if  large  in  quantity,  it  should  be  separated  by 
firing ;  if  slight,  filtering  may  be  omitted.  Add  next  ammonia 
slight  alkaline  reaction  (with  previoas  addition  of  ammoninm 
loride  if  magnesium  is  present).  Filter  rapidly  from  the  mer- 
ry compound  which  will  be  precipitated  so  as  to  avoid  forma- 
n  of  calcium  carbonate  by  contact  with  air.  The  filtrate  contains 
i  basic  radicals  from  which  phosphoric  acid  has  been  separated, 
le  mercury  compound  which  has  been  separated  by  ammonia  is 
!ed  and  ignited  (under  a  cliimney  with  good  draught).  Should 
'csidue  remain,  this  must  be  examined.  If  it  consists  of  phofi- 
ates  of  the  alkali-earth  metals,  the  treatment  with  mercury  and 
.rie  acid  must  be  repeated;  if,  on  the  contrary,  it  consists  of 
Lgnesium  oxide  or  of  carbonates  of  the  alkali-earth  metals,  it  is 
solved  in  hydrochloric  acid,  and  the  eolation  added  to  the  fluid 
nt^ning  the  chief  portion  of  the  basic  metals,  which  may  then 
separated  and  determined  in  the  usual  manner.  The  following 
ithod  is  often  advantageously  resorted  to  instead  of  the  one 
scribed:  The  filtrate  from  the  mercurous  phosphate  is  evaporated 
dryness,  in  a  platinum  dish,  and  the  residue  ignited,  in  a  pUti- 
m  crucible,  under  a  chimney  with  good  draught.  If  alkali 
iratcs  are  present,  some  ammonium  carbonate  must  be  added 
]m  time  to  time  during  the  process  of  ignition,  to  guard  against 
jury  to  the  crucible  from  the  formation  of  caustic  alkali.  The 
oited  residue  is  treated,  according  to  circumstances,  first  with 
iter  and  then  with  nitric  acid,  or  at  once  with  nitric  acid. 

/S.  ^  the  stihstance  contains  iron  but  not  altmiinium,,  the 
eater  part  of  the  iron  is  left  undissolved  with  the  mercurous 
loephate.  The  dissolved  part  is  separatd  from  the  other  bases  by 
e  methods  given  in  Section  Y. ;  the  iron  in  the  undissolved  part 
obtained,  after  ignition  of  the  residue  with  sodium  carbonate 
d  treating  the  ignited  mass  with  water,  as  ferric  oxide  contain- 
g  alkali  (and  generally  also  some  phosphoric  acid).  Tliis  is  dis- 
Ived  in  hydrochloric  acid,  and  precipitated  with  ammonia. 

y.  ^  tJie  substance  contains  (duminium,  the  process  just  given 
DDot  be  used,  as  aluminium  phosphate  is  not  decomposed  by 
sion  with  alkali  carbonates,  while  aluminium  nitrate,  like  ferric 
trate,  is  decomposed  by  simple  evaporation.  In  this  case  proceed 
follows ;  Dissolve  the  substance  in  the  least  quantity  of  nitric 
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acid,  precipitate  hot  with  merciirous  nitrate,  add  a  little  mem 
nitrate,  and  then  pure  i>otaBb  or  soda,  till  a  permanent  red  prec 
tate  appears.  Tlie  precipitate  containfl  no  alnmininni,  it  is  to 
treated  according  to  a  or  /3  (H.  Robe,  E,  E.  Munboe*). 

I.  From  all  Bases  without  exception. 

Apply  Sonnenschein's  method  (§  134,  J,  /3),  and  in  the  filt 
from  the  ammonium  phospho-moljbdate  separate  the  bases  fi 
the  molybdic  acid.  As  moljbdic  acid  comports  itself  with  hji 
gen  sulphide  and  ammoniuai  sulphide  like  a  metal  of  tlie  ei 
gronp,  it  is  best  to  precipitate  metals  of  the  sixth  and  also  of 
fifth  group  from  acid  solution  with  hydrogen  sulphide,  before  ] 
Deeding  to  precipitate  the  phosphoric  acid  with  molybdic  acid; 
latter  will  then  have  to  be  separated  only  from  the  metals  of 
first  four  groups.  This  is  done  in  the  following  manner:  Mix 
acid  fluid,  in  a  flask,  with  ammonia  till  it  acquires  an  alkai 
reaction,  add  ammonium  sulphide  in  suflicient  excess,  close 
mouth  of  the  flask,  and  digest  the  mixture.  Aa  soon  as  the  solat 
appears  of  a  reddish-yellow  color,  without  the  least  tint  of  grt 
filter  off  the  fluid,  which  contains  molybdenum  and  ammoni 
sulphide,  wash  the  residue  with  water  mixed  with  some  ammoni 
sulphide,  and  separate  the  remaining  metallic  sulphides  and  hydi 
ides  of  the  fourth  and  third  groups  by  the  methods  which  will 
found  in  Section  V.  Mix  the  filtrate  cautiously  with  hydrochli 
acid  in  moderate  excess,  remove  the  molybdenum  sulphide  acct 
ing  to  §  12S,  d,  and  determine  the  metals  of  the  first  and  seo 
groups  in  the  filtrate. 

This  method  of  separating  the  phosphoric  acid  from  basic  r 
eals  is  highly  to  be  recommended ;  especially  in  cases  when 
jmall  quantity  of  phosphoric  acid  has  to  be  determined  in  prese 
of  a  very  large  quantity  of  ferric  and  aluminium  salts,  as,  for  exi 
pie,  in  iron  ores,  soils,  &c.  As  arsenic  acid  and  silicic  acid  gi 
with  molybdic  acid  and  ammonia,  similar  yellow  precipitates,  i 
aecessary,  if  these  acids  are  present,  to  remove  them  first. 

As  the  separation  of  the  basic  metals  from  the  large  excess 
molybdic  acid  used  is  somewhat  tedious,  the  best  way  is  to  arrai 
[natters  so  that  this  process  may  be  altogether  dispensed  wi 
Supposing,  for  instance,  you  have  a  fluid  containing  ferric  ir 
iluminium,  and  phosphoric  acid,  estimate,  in  one  portion,  by  c 

*  Amer.  Journ.  of  Bci.  and  Ana,  Vaj,  1871 ;  Zeitschr.  f.  anal.  Cbem.  10,  48 
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3IIB  precipitation  with  ammoDia,  tbe  total  amount  of  the  three 
>diee ;  in  another  portion  the  phosphoric  acid,  bj  means  of  molj'b- 
c  acid;  and  in  a  third,  the  iron,  in  the  volumetric  way.  The 
omininm  can  then  be  calculated  by  difierence. 

§136. 

BoBic  Acid  (H,B0,)  and  Bobic  Anhtdbidb  (B,0,). 
I.  Determination. 

Boric  acid  is  estimated  eMhesr  indireeily  or  \i\  tbe  ioTraotpotiis- 
am.  borofiuorids. 

1.  The  determination  of  the  boric  acid  in  an  aqueous  or  alco- 
ilic  BolntioQ  cannot  be  effected  by  simply  evaporating  the  fluid 
d  weighing  the  residue,  as  a  notable  portion  of  tbe  acid  volatil- 
:b  and  is  carried  off  with  the  aqueous  or  alcoholic  vapor.  This 
tlie  case  also  when  the  solution  is  evaporated  with  lead  oxide  in 
cesB. 

a.  Mix  the  eolation  of  the  boric  acid  with  a  weighed  quantity 
perfectly  anhydrous  pure  sodium  carbonate,  in  amoant  about  IJ 
nes  the  supposed  quantity  of  B,0,  present.  Evaporate  the  mix- 
re  to  dryness,  heat  tbe  residue  to  fusion,  and  weigh.  The  residue 
ntains  a  known  amount  of  Na,0,  and  unknown  quantities  of  CO, 
d  B,0,  combined  as  sodium  borate  and  carbonate.  Determine 
e  CO,  by  one  of  the  methods  given  in  §  139,  and  find  the  B,0, 
)m  the  difference  (II.  Rose). 

h.  In  tbe  method  a,  if  between  t  and  2  mol.  sodium  carbonate 
ra,CO,)  are  used  to  1  mol.  B,0, — and  this  can  easily  be  done  if 
e  knows  approximately  the  amount  of  the  latter  present — all  the 
rbonic  acid  is  expelled  by  the  boraeic  acid.    Hence  we  have  only 

deduct  the  'Nufi  from  the  residue  to  find  the  B,0,.  As  the 
mnltuous  escape  of  carbonic  acid  may  lead  to  loss,  it  is  well,  after 
ving  thoroughly  dried  the  residual  saline  mass,  to  project  it  in 
lall  portions  cautiously  into  the  red-hot  crucible.  Results  good 
.  G.  Schaffootsch).* 

c.  When  tbe  amonnt  of  acid  is  quite  nnknown,  and  an  estima- 
m  of  carbonic  acid  in  the  residue  is  objected  to,  you  may  proceed 
as :  Evaporate  the  solution  of  the  acid  with  addition  of  a  weighed 
antity  of  anhydrous  neutral  borax  (sodium  metaborate  KaBOJ 

J  Pogg.  Add.  107,  427. 
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free  from  carbonic  acid  to  dryness,  and  lieat  the  residne  to  redii 
with  great  caution  (on  account  of  the  intnraeecence)  till  the  wd] 
is  constant.  The  amount  of  neutral  borax  must  be  so  adjns 
that  it  may  not  be  entirely  converted  into  common  borax  (2Na] 
B,0,)  (H.  Rose). 

d.  If  a  solution  contains,  besides  boric  acid,  only  albaliet 
magnesium,  the  acid  may  be  determined,  according  to  C.  Ma 
NAo,*  in  the  following  manner:  Nentralize  the  solution  i 
hydrochloric  acid,  add  double  magnesium  and  ammoniam  chlo 
in  sufficient  quantity  to  give  at  least  2  parts  of  MgO  to  1  pari 
B,0„  then  add  ammonia  and  evaporate  to  dryness.  If  a  pre< 
tate  is  formed  on  adding  the  ammonia  which  docs  not  redisei 
readily  on  warming,  add  more  ammonium  chloride.  The  evap 
tion  is  conducted,  at  least  towards  the  end,  in  a  platinum  dis 
few  drops  of  ammonia  being  added  from  time  to  time.  Ignite 
dry  mass,  treat  with  boiliug  water,  collect  the  insoluble  precipi 
(consisting  of  magnesium  borate  mixed  with  excess  of  magnes 
oxide)  on  a  filter,  and  wash  with  boiling  water  till  the  wash: 
remain  clear  with  nitrate  of  silver.  The  filtrate  and  washings 
mixed  with  ammonia,  evaporated  to  dryness,  ignited,  aud  wai 
with  boiling  water  as  before. 

The  two  insoluble  residues  are  ignited  1 
dish  before  used,  as  strongly  as  possible,  ai 
time,  in  order  to  decompose  the  slight  tn 
ride  that  might  still  be  present.  After 
magnesium  oxide,  and  find  the  boric  ac 
The  determination  of  the  magnesium  ma; 
the  residue  in  hydrochloric  acid  and  pre 
magnesium  phosphate,  or  more  quickly,  ai 
by  dissolving  in  a  known  quantity  of  etan 
boiling  temperature  and  determining  the  e 
ard  Boda  (comp.  Alkalimetry). 

Should  a  little  platinum  remain  belund  on  dissolving  the 
due,  it  must  be  weighed  and  subtracted  from  the  weight  of 
whole  (unless  the  dish  was  weighed  first).  Results  satisfac 
Habiqnac  obtained  in  two  experiments  '276  Instead  of  '2S0. 

S.  If  boric  acid  is  to  be  determined  as  potassium  borqfiuoi 
■  alkalies  only  (preferably  only  potash)  may  be  present.   The  prt 

*  Zeitachr.  f.  uial.  Chem.  1,  40G. 
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odncted  as  follows :  Mix  the  flnid  witli  pure  solutioD  of  potaasa, 
Qg  for  each  mol.  boric  acid  snppoeed  to  be  present,  at  least  1 

potaeea;  add  pare  hydrofliioric  acid  (free  from  silicic  acid)  in 
Bs,  and  evaporate,  in  a  platinum  dish,  on  the  water-bath,  to 
less.  The  fnmes  from  the  evaporating  fluid  ehoald  redden 
IS  paper,  otherwise  there  is  a  deficiency  of  hydrofluoric  acid. 

residue  consists  now  of  KF,BF,  and  KF,HF.  Treat  the  dry 
e  mass,  at  the  common  temperature,  with  a  solution  of  1  part 
otassinm  acetate  in  i  parte  of  water,  let  it  stand  a  few  hours, 

stirring,  then  decant  the  fluid  portion  on  to  a  weighed  filter, 
wash  the  precipitate  repeatedly  in  the  same  way,  finally  on  the 
',  with  solution  of  potassium  acetate,  until  the  last  rinsiDgs  are 
luger  precipitated  by  calcium  chloride.  By  this  coarse  of  pro- 
ing,  the  hydrogen  potassium  fluoride  is  removed,  without  a 
cle  of  the  potassium  borofluoride  being  dissolved.  To  remove 
Kitassium  acetate,  wash  the  precipitate  now  with  alcohol  of  78 
ient.,  dry  at  100°,  and  weigh.  As  potassium  chloride,  nitrate, 
phosphate,  sodium  salts,  and  even,  though  with  some  difficulty, 
isinm  sulphate,  dissolve  in  solution  of  potassium  acetate,  the 
:nce  of  these  salts  does  not  interfere  with  the  estimation  of  the 
:  acid;  however,  sodium  salts  must  not  be  present  in  consider- 

proportion,  as  sodium  fluoride  dissolves  with  very  great  diffi- 
'.  The  results  obtained  by  this  method  are  satisfactory.  Stro- 
m's  experiments  gave  from  97-5  to  100-7  instead  of  100. 
n  the  amount  of  alkali  salt  to  be  removed  is  very  large,  the 
B  mass  left  on  evaporation  should  be  warmed  with  the  solution 
atassium  acetate,  allowed  to  stand  12  hours  in  the  cold  and 

filtered.  In  this  way  the  quantity  of  potassium  acetate 
[red  will  be  much  reduced.  For  the  composition  and  proper- 
of  potassium  borofluoride,  sec  §  93,  5.  As  the  salt  is  very 
Y  to  contain  potassium  silicofluoride  it  is  indispensable  to  test 
r  that  substance ;  this  is  done  by  placing  a  small  sample  of  it 
loist  blue  litmus  paper,  and  putting  another  sample  into  cold 
entrated  sulphuric  acid.  If  the  blue  paper  turns  red,  and 
vescence  ensues  in  the  sulphuric  acid,  the  salt  is  impure,  and 
aina  potassium  silicoflnoride.  To  remove  this  imparity,  dis- 
)  the  remainder  of  the  salt,  after  weighing  it,  in  boiling  water, 

ammonia,  and  evaporate,  redissolve  in  boiling  water,  add 
lonia,  &c.,  repeating  the  same  operation  at  least  six  times, 
klly,  after  warming  ouoe  more  with  ammonia,  filter  off.  the 
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ilicic  acid,  evaporate  to  drynees,  and  treat  aj 
lotaseium  acetate  and  alcohol  (A.  Stboheteb^ 
lodify  Stkomeyeb's  method  for  effecting  t 
ilicic  acid,  the  results  of  my  experiments  I 
liat  treating  the  salt  only  once  with  ammonia 
hat  chemiBt,  is  not  sotiicient  to  effect  the  obji 
II.  Separation  of  Baric  Acid  from 

a.  From  the  Alkalies. 

Dissolve  a  weighed  quantity  of  the  bor 
xcess  of  hydrochloric  acid,  and  evaporate 
rater-bath.  Towards  tlie  end  of  the  operal 
rope  of  hydrochloric  acid,  and  keep  the  resid 
ntil  no  more  hydrochloric  acid  vapors  escaj 
lie  chlorine  in  the  residue  (§  141),  calcolate 
ad  yon  will  find  the  boric  acid  from  the  diffc 

E.  ScHWEizEE,  with  whom  this  method  o 
;  gave  him  very  satisfactory  results  in  the  ai 
fill  answer  also  for  the  estimation  of  the  bai 
f  some  other  borates.  It  is  self-evident  that 
stimated,  in  another  portion  of  the  salt,  by  I 
ave  to  estimate  boric  acid  in  presence  of 
Ik&li  salts,  make  the  fluid  alkaline  with  potas 
ess,  extract  the  residue  with  alcohol  and  son 
dd  solution  of  potassa  to  strongly  alkaline  re 
Icohol,  and  then  proceed  as  in  I.,  1,  c,  or  3  (J 
U.). 

LnNOEf  determined  the  soda  in  boronat 
ally,  by  dissolving  the  mineral  in  normal  ni 
ig  back  with  normal  soda,  till  the  tint  of  the  I 
iolet. 

h.  From  Cal^cium.. 

Dissolve  in  hydrochloric  acid  in  the  heat,  i 
xcess,  neutralize  with  ammonia  and  precipi' 
xalate  (Lunob,  loe.  cit.). 

c.  From,  almost  all  other  Bases  except  Alk 

The  -compounds  are  decomposed  by  boi 
•otaesium  carbonate  or  hydroxide  ;  the  precij 
iff,  and  the  boric  acid  determined  in  the  filtn 
•  AiuiAl..a,Ctiem.  a.  Fharm.  100,  63. 
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r  2.  If  magnesitun  was  present,  a  little  of  this  is  very  likely 
:et  into  the  filtrate,  and — if  process  I.,  2,  Ib  employed — upon 
ralizing  with  hydroflnoric  acid,  this  separates  an  insoluble 
neeinm  fluoride,  which  may  either  be  filtered  off  at  once,  or 
Dved  subscqnently,  by  treating  the  potassium  borofluoride  with 
ng  water,  in  which  that  salt  is  soluble,  and  the  magnesium 
■ide  insoluble. 

I.  From  the  MetalUc  Oxides  of  tke  Fourth,  Fifth,  and  Sixth 
ups. 

rhe  metallic  oxides  are  precipitated  by  liydrogen  sulphide,  or, 
le  case  may  be,  ammoninm  sulphide,*  and  determined  by  the 
opriate  methods.  The  quantity  of  boric  acid  may  often  be 
Ted  from  the  loss.  If  it  has  to  be  estimated  in  the  direct  way, 
iltrate,  after  addition  of  solution  of  potassa  and  some  potassiam 
te,  is  evaporated  to  dryness,  the  residue  ignited,  and  the  boric 
estimated  by  I.,  1,  d,  or  2.  In  cases  where  the  metal  has  been 
ipitated  by  hydrogen  sulphide  from  acid  or  neutral  solutions, 
)oric  acid  may  also  be  determined  in  the  filtrate — in  the  absence 
ther  acids — by  I.,  1,  o  or  J  or  c,  after  the  complete  removal  of 
lydrogen  sulphide  by  transmitting  carbon  dioxide  through  the 

,  From  the  whde  of  the  Fiaxd  Bogie  Radicala. 
L  portion  of  the  very  finely  pulverized  substance  is  weighed, 
into  a  capacious  platinum  dish,  and  digested  with  a  sufficient 
tity  of  hydrofluoric  acid  (which  leaves  no  residue  whenevapo- 
1  in  a  platinum  dish) ;  pure  concentrated  sulphuric  acid  is  then 
aaily  added,  drop  by  drop,  and  the  mixture  heated,  gently  at 
then  more  strongly,  until  the  excess  of  the  sulphuric  acid  is 
)Ietely  expelled.  In  this  operation  the  boric  acid  goes  off  in 
form  of  fluoride  of  boron  (B,0,  +  6HF  =  2BF.  +  3H,0). 
basic  metals  contained  in  the  residue  in  the  form  of  sulphates 
ietermined  by  the  appropriate  methods,  and  the  quantity  of 
3oric  acid  is  found  by  difference.  It  is  of  course  taken  for 
ted  that  the  substance  is  decomposable  by  sulphuric  acid. 

Joric  acid  cannot  be  separated  completelj  from  alamiDium  by  precipitation 
t  hydrochloric  add  solution  witti  ammonium  milphide  or  with  ammonium 
iat«  (WOklxr,  Ann,  d.  Cliem.  u.  Pbano.  141,  26B>. 
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§137. 
8.  Oxalic  Acid. 
I.  Determinaiion. 

Oxalic  acid  is  either  precipitated  as  calcium  Msalate,  and  e 
ited  after  determination  of  the  calcium  jn  the  latter  as  oci 
-bonate,  or  aulphaie;  or  the  amount  contained  in  a  compoi 
inferred  from  the  quantity  of  solution  of  potassium  perman 
le  required  to  effect  its  conversion  into  carbonic  acid;  or  fr 
)  quantity  of  gold  which  it  reduces ;  or  from  the  amount  of  i 
aic  acid  which  it  afiords  by  oxidization, 

a.  Determination  as  Calcium  Carbonate,  dkc. 

Precipitate  with  solution  of  calcium  acetate,  added  in  model 
::eee,  and  treat  the  precipitated  calcium  oxalate  ae  directed 
.03.  If  this  method  is  to  yield  accurate  results,  the  solat 
kst  be  neutral  or  slightly  acid  with  acetic  acid;  it  must  not  c 
n  salts  of  aluminium,  chromium,  or  of  the  heavy  metals,  m 
>ecially  cupric  or  ferric  salts ;  therefore,  where  these  conditi 

not  exist,  they  must  first  be  supplied. 

h.  Determination  bymeans  of  Solution  of  Pota^um  Perm 
ruUe. 

Standardize  the  solution  of  potassium  permanganate,  ss  direc 
.12,  2,  a,  cc,  by  means  of  oxalic  acid  ;  then  dissolve  thesubsta 
about  150  cc.  water,  or  acid  and  water  (sulphuric  acid  is 
rt  acid  to  use)  ;  add,  if  necessary,  a  further  quantity  of  snlphi 
d  (about  6  or  8  cc.  strong  sulphuric  acid  should  be  present),  1 

about  60°,  and  then  ran  in  the  permanganate,  with  const 
iring,  until  the  fluid  just  shows  a  red  tint.  Knowing  the  qu 
y  of  oxalic  acid  which  100  cc.  of  the  standard  permangan 

II  oxidize,  a  simple  calculation  will  give  the  qnantity  of  ox 
d  corresponding  to  the  cc  of  permanganate  used  in  the  exp 
int.     The  results  are  very  accurate. 

c.  DetermtTia^onfrom  the  reduced  Gold  (H.  Kobe). 

a.  In  compounds  soluble  in  water.  Add  to  the  solution  of 
ilic  acid  or  the  oxalate  a  solution  of  sodium  auric  chloride 
imonium  auric  chloride,  and  digest  for  some  time  at  a  tempi 
■e  near  ebullition,  with  exclusion  of  direct  sunlight.  Collect 
Msipitated  gold  on  a  filter,  wash,  dry,  ignite,  and  weigh.    2 
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(196-71  X  2  =  393-42)  correspond  to  3  mol.  C.O,  (72  X  3  = 

I.  /»  compotmde  i/naotuble  in  water.  Dissolve  in  the  least 
ible  amonnt  of  hydrochloric  acid,  dilute  with  a  very  large 
itit;  of  water,  in  a  capacious  flask,  cleaned  previously  with 
:ion  of  soda ;  add  solution  of  gold  in  excess,  boil  the  mixture 
i  time,  let  the  gold  subside,  taking  care  to  exclude  sunlight, 
as  in  a. 


I.  Determination  as  Carbonic  Add. 
["his  may  be  effected  either, 
r.  By  the  method  of  organic  analysis;  or 
J,  By  mixing  the  oxalic  acid  or  oxalate  with  finely  pulverized 
ganese  dioxide  in  excess,  and  adding  sulphuric  acid  to  the  mix- 
,  in  an  apparatus  so  constructed  that  the  disengaged  00,  passes 
Derfectly  dry.  The  theory  of  this  method  may  be  illustrated 
Ihe  following  equation:  H,CA  +  MnO,  +  H.SO.  =  MnSO. 
H,0  +  2C0,.  For  the  apparatus  and  process,  I  refer  to  the 
>ter  on  the  examination  of  manganese  ores,  in  the  Special  Part 
lis  work.  Here  I  may  remark  that  free  oxalic  acid  must  first 
)repared  for  the  process  by  slight  sapersaturation  with  alkali 
from  carbonic  acid,  and  also  that  9  parts  of  oxalic  anhydride 
>,)  require  theoretically  11  parts  of  (pure)  manganese  dioxide. 
e  an  excess  of  the  latter  substance  does  not  interfere  with  the 
racy  of  the  results,  it  is  easy  to  find  the  amount  to  be  added, 
manganese  dioxide  need  not  be  pure,  but  it  must  contain  no 
anate.  This  method  is  expeditions,  and  gives  very  accurate 
Its,  if  the  process  is  conducted  in  an  apparatus  sufficiently  light 
Imit  of  the  use  of  a  delicate  balance.  Instead  of  manganese 
ide,  potassium  chromate  may  be  used  (compare  §  130,  1,  c), 
instead  of  estimating  the  carbonic  acid  by  loss  it  may  be  coU 
!d  by  an  absorbent  and  weighed  (§  139,  II.,  e)  \  the  latter 
lod   is   always   to  be  preferred   in  the  case  of  small  quau* 

II.  Separation  of  Oxalic  Add  from  the  Bade  HadicaU. 
rhe  most  convenient  way  of  analyzing  oxalates  is,  in  all  cases, 
atermine  in  one  portion  the  acid,  by  one  of  the  methods  given 
.,  in  another  portion  the  basic  radical,  particularly  as  the  latter 
et  may  be  generally  effected  by  simple  ignition  in  the  air, 
ih  reduces  the  salt  either  to  the  metallic  state  {e.g.,  silver  oxa- 
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late),  or  to  pare  oxide  {e.g.,  lead  oxalate),  or  to  carbooate  {e.g. 
oxalatee  of  tlie  alkalies  and  alkali-eartli  metals). 

If  the  acid  and  basic  radical  have  to  be  detennined  in  one 
the  same  poi'tio:i  of  the  oxalate,  the  following  methods  nia 
reBort«d  to : 

a.  The  oxalic  acid  is  determined  by  I.,  c,  and  the  gold  sepai 
from  tlie  basic  metals  in  the  filtrate  by  the  methods  given  in 
tion  V. 

h.  In  many  solublo  salts  the  oxalic  acid  may  be  determine 
the  method  I.,  a ;  separating  the  basic  metals  afterwards  front 
excess  of  the  calcium  salt  by  the  methods  given  in  Section  T. 

c.  Many  oxalates  of  metals  which  are  completely  precipi 
aa  carbonates  or  oxides  by  excess  of  sodium  or  potassium  carbo 
may  be  decomposed  by  boiling  with  excess  of  these  rea^ 
metallic  oxide  or  carbonate  being  formed  on  the  one,  and  i 
oxalate  on  the  other  side. 

d.  All  oxalates  of  the  metals  of  the  fonrth,  fifth,  and 
groiipe  may  be  decomposed  with  hydrogen  sulphide  or  ammo 
sulphide. 

%  138. 

4.  Htdroflcoeic  Acid. 

I.  Determination. 

Free  hydrofluoric  acid  in  aqueous  solution*  is  determined  ( 

with  standard  alkali  or  as  cal-cium  Jluoride.     In  the  latter 

sodium  carbonate  is  added  in  moderate  excess,  then  the  sol 

being  boiled,  calcium  chloride  is  added  as  long  as  a  precipitatt 

tinues  to  form ;  wlien  the  precipitate,  which  consists  of  oa! 

fluoride  and  carbonate,  has  subsided,  it  is  washed,  first  by  dei 

tion,  afterwards  on  tlie  filter,  and  dried  ;  when  dry,  it  ia  ignit 

a  platinum  cnicible  {§  53) ;  water  is  then  poured  over  it  in  a 

imin  or  porcelain  dish,  acetic  acid  added  in  slight  excess,  the 

ture  evaporated  to  dryness  on  the  water-bath,  and  heated  o: 

latter  until  all  odor  of  acetic  acid  disappears.     The  residue,  i 

consists  of  calcium  fluoride  and  acetate,  is  heated  with  wate 

*  In  aoalyziDg  fluorides  you  must  always  avoid  bringing  scid  solati 
coDtaci  with  glass  or  porcelain.  If  platinum  or  silver  dislics  of  eufflcientt 
not  at  band  you  may  sometimes  use  gaCts-perctaa  vessels,  or  gloss  vessels 
with  wai  or  paraffln. 
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im  fluoride  filtered  off,  washed,  dried,  ignited  (§  63),  and 
ded.  Ab  a  control  of  the  purity  of  the  calciom  fluoride,  it  is 
Co  convert  it  after  weighing  into  Bulphate.  If  the  precipitate 
Jcinm  flnoride  and  carbonate  were  treated  with  acetic  acid, 
)ut  previous  ignition,  the  washing  of  the  fluoride  would  prove 
icult  operation.  Presence  of  nitric  or  hydrochloric  acid  in  the 
3US  solution  of  the  hydrofluoric  acid  does  not  interfere  with 
rocess  (H.  Kose). 

II.  Separation  of  FLtroKiNB  feom  the  MirrALS. 

1.  Fluoridea  Soluble  in  Water. 

I  the  solutions  have  an  acid  reactiou,  sodium  carbonate  is 
1  in  excess.  If  there  is  an  odor  of  ammonia  now,  heat  till  the 
■  is  expelled.  If  the  sodium  carbonate  produces  no  precipitate, 
luorine  is  determined  by  the  method  given  in  I.,  and  the 
Is  in  the  filtrate  are  separated  from  calcium  and  sodium  by 
lethods  given  in  Section  V.  But  if  the  sodium  carbonate  pro- 
I  a  precipitate,  the  mixture  is  heated  to  boiling,  then  filtered, 
he  fluorine  determined  m  the  filtrate  by  the  method  given  in 
tie  metals  are  in  the  precipitate,  which  ranat,  however,  first  be 
1,  to  make  sure  that  it  contains  no  fluorine.  Neutral  solutions 
lixed  with  a  suiHcient  quantity  of  calcium  chloride,  and  the 
are  heated  to  boiling  in  a  platinum  dish  or,  but  less  appropri- 
,  in  a  porcelain  dish ;  the  precipitate  of  calcium  fluoride  is 
■ed  to  subside,  thoroughly  washed  with  hot  water  by  decaiita- 
transferred  to  the  Alter,  dried,  ignited,  and  weighed.  Tlie 
metals  in  the  filtrate  are  then  separated  from  the  excess  of  the 
im  salt  by  the  usual  methods.  That  the  basic  metals  may  be 
Tnined  also  in  separate  portions  by  the  methods  given  in  2  a, 
hardly  be  stated. 

2.  InsohiUe  Fluoridea. 

.  DeeompodUon  hy  Stilphurio  Aeid  (Indir-eot  EatiTnation  of 
''luorins). 

a.  Anhydroiia  Comptyimda. 
"he  finely  pnlverized  and  weighed  substance  is  heated  for  some 
with  pure  concentrated  sulphuric  acid,  and  finally  ignited  until 
free  sulphuric  acid  is  completely  expelled.  In  the  presence 
kalies,  ammonium  carbonate  must  be  added  during  the  igni- 
The  residuary  sulphate  is  weighed,  and  the  metal  contained 
calculated ;  the  fluorine  is  estimated  by  loss.     In  cases  where 
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we  liave  to  deal  vith  a  metal  wliose  sulphate  gives  o£E  part  of 
Bulphnric  acid  upon  ignition,  or  where  the  residue  contains  s«v 
metals,  it  ia  necessary  to  subject  the  residue  to  analysis  before 
calculation  can  be  made.  In  the  case  of  many  compounds, 
instance  of  aluminium  fluoride  (which  after  ignition  requires 
longed  heating  with  sulphuric  acid  for  its  decomposition),  1 
continued  strong  ignition  does  not  leave  the  sulphate,  but  the  o 
in  a  pure  state.  Topaz  (a  silicate  of  aluminium  in  isoinorpl 
mixture  with  aluminium  silicoHuoride)  is  not  decomposed  by  ' 
ing  sulphuric  acid,  but  it  is  decomposed  by  fusion  with  potass 
disulphate. 

/3.  Hydrated  Fluorides. 

A  sample  of  tlie  substance  is  heated  in  a  tube. 

aa.   The  Water  expelled  does  not  redden  Litmus  Paper. 
water  is  determined  by  ignition;  the  fluorine  and  metal  as  dire 
in  a,  a. 

hb.  The  WaUr  expeUed  has  an  acid  reaction.  The  sabstam 
treated  with  sulphnric  acid  as  directed  in  a,  a,  to  determine 
metal  on  the  one  hand,  and  the  water  +  fluorine  on  tiie  ol 
Another  weighed  portion  is  then  mixed,  in  a  small  retort,  with  al 
6  parts  of  recently  ignited  lead  oxide;  the  mixture  is  covered  ■ 
a  layer  of  lead  oxide,  the  retort  weighed,  and  the  water  expt 
by  the  application  of  heat,  increased  gradually  to  redness, 
hydrofluoric  acid  escapee  in  this  process.  The  weight  of  the  expt 
water  is  inferred  from  the  loss.  The  first  operation  having  g 
OB  the  water  -|-  fluorine,  and  the  second  the  water  alone,  the 
ference  is  consequently  the  fluorine. 

h.  Decfymposiiion  by  Fusion  with  Alkali  Ca/rboncUes. 

Many  insoluble  fluorides,  aluminium  fluoride  for  instance, 
be  completely  decomposed  by  fnsion  with  alkali  carbonate  ali 
others,  such  as  calcium  fluoride,  require  the  addition  of  silicic  i 
In  the  flrst  case  the  fluorine  is  estimated  in  the  aqueous  solutic 
the  fusion  according  to  I.,  in  the  latter  according  to  §  166,  5. 
temperature  must  not  be  too  high,  or  some  alkali  fluoride  maj 
lost. 

3.   Fluorides  completdy  Decomposable  by  Sulph 
Acid. 

As  might  be. inferred  from  2,  almost  all  fluorides  are  de< 
poeed  by  heating  with  sulphuric  acid  with  evolution  of  hydn 
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cid.  If  silica  or  eilicate  is  added  to  tlie  flnoride  in  sufiicient 
ity,  Eilicon  fluoride  and  water  escape  instead  of  hydrofluoric 

SiO,  +  4HF  =  8iF.  +  2H,0. 
a  this  reaction  methods  of  determining  flnorine  liave  been 
In  the  first,  wliich  I  published  some  years  ago,*  the  flnor- 
■  silicon  is  determined  by  increaee  of  wciglit  of  absorption 
;  this  I  believe  to  be  in  many  cases  the  only  method  wliich 
ilicable,  and  when  carefully  carried  out  yields  the  most  accu- 
Bsnltfi. 

Estimation  by  Absorption  of  the  evolved  Fluoride  Silicon. 
le  method  as  here  given  is  the  i-esult  of  a  long  series  of  experi- 
: ;  tlie  conditions  laid  down  iimst  be  most  carefully  attended 
rhe  fluoride  must  be  jn  the  finest  powder.  As  silicic  acid  we 
nely  powdered  quartz,  which  has  been  ignited  in  the  air  to 
ly  any  organic  admixtore.  The  sulphuric  acid  should  have  a 
.  of  1-848,  it  must  be  colorless  and  freefrom  oxides  of  nitro- 
[id  sulphurous  acid.  The  gasometer  must  be  filled  with  clean 
id  not  with  air  from  the  laboratory,  for  any  dust  of  organic 
r,  traces  of  coal  gas,  &c.,  would  interfere  with  the  accuracy  of 
suit.  The  apparatus  required  is  shown  flg.  57.  A  contains 
pheric  air,  S  is  half  filled  with  sulphuric  acid,  c  contains  soda- 
vitli  plugs  of  cotton,(f  pieces  of  glass  moistened  with  sulphuric 

The  air  is  thus  freed  from  carbonic  acid  and  suspended  mat- 
id  dried  by  sulphario  acid  (p.  61),    6  is  the  decomposing  flask ; 

a  capacity  of  about  250  c.c.   f  is  half  filled  witli  sulphuric 

its  cork,  which  should  not  fit  air-tight,  bears  a  thermometer 
!  bulb  dips  into  the  acid,  e  andy  should  be  so  placed  on  the 
ilate  that  tlie  temperature  in  both  may  be  equal,  g  is  empty ; 
tains  fused  calcium  chloride  in  the  first  limb,  and  pumice 
gnated  with  anhydrous  cuprie  sulphate  in  the  second.  These 
les  serve  to  retain  the  small  amount  of  sulphuric  acid  and  the 
■chloric  acid  which  may  accompany  it.  The  calcium  chloride 
he  cnpric  sulphate  must  both  be  anhydrous,  or  they  will 
ipose  and  retain  silicon  fluoride,  i,  k,  and  /  are  the  weighed 
jtion  tubes;  they  are  10  or  12  cm.  high,  and  about  12  mm. 
i  contains  in  the  first  limb  pumice  moistened  with  water 
en  plugsof  cotton,  in  the  bend  and  half  of  the  second  limb  soda  ■ 
in  the  upper  half  of  the  second  limb  fused  calcium  chloride 

'Zeiiwbr.  f.  anal.  Cbem,  S,  190. 
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jetiveen  plugs  of  cotton.  The  tube  after  being  charged  woiglisi 
to  or  50  gnu.     k  complctca  the  absorption ;  it  is  filled  half 


oda-hme  and  half  with  fused  calcium  chloride.  I  takes  up  ; 
he  small  amount  of  water  earned  away  from  i  and  k;  the  be 
illcd  with  pieces  of  glass  moistened  with  sulphuric  acid.    1 
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rption  tubes  retain  the  eilicon  fluoride,  the  carbonic  acid  which 
be  possibly  evolved  from  the  soda-lime  by  hydroflaosilicie  acid, 
the  aqneoufl  vapor ;  and  the  air  escapes  through  the  anweighed 
■d  tube  7n  into  the  atmosphere.  The  latter  contains  in  the  first 
>  calcium  chloride,  in  the  second  soda-lime.  The  flexible  con- 
ions  should  not  be  long,  and  should  be  washed  and  dried 
ire  nse. 

[V^hen  the  apparatus  has  been  tested  and  found  air-tight,  place 
iveighed  and  rery  finely  divided  substance  in  e.  The  substance 
lid  be  free  from  carbonic  acid,  and  the  quantity  taken  should 
:  not  less  than  •!  grm.  silicon  fluoride  if  possible.  Add  for 
J  part  of  fluoride  supposed  to  be  present  10  or  15  parts  of  finely 
dered  quartz  (previously  strongly  ignited  in  the  air),  and  then 
r  50  cc.  pure  concentrated  sulphuric  acid.  Connect  e,  on  the 
hand,  with  d,  and,  on  the  other,  with  g,  and  pass  a  moderate 
ent  of  air,  whicli  shonld  enter  the  fluid  in  the  decomposing  flask 
1  the  bottom.  Heat  the  iron  plate,  shake  e  frequently  and  raise 
temperature  very  gradually,  till  the  thermometer  in  /  indicates 
'  to  160°.  The  commencement  of  the  decomposition  shows 
f  not  only  by  the  appearance  of  bubbles  of  gas  in  the  fluid, 
e  partienlariy  at  the  edge,  but  also  by  the  separation  of  hydrated 
i  in  i.  The  bubbles  of  gas  will  disappear  on  shaking  the  fluid ; 
x>n  as  they  cease  to  form  again  remove  the  lamp ;  the  time 
illy  occupied  in  the  decomposition  is  one  hour  for  small  quantities 
uoride  ( •  1  grm.),  two  or  three  hours  for  large  quantities  (1  grm.). 
ir  a  while  shut  ofi  the  current  of  air,  remove  the  weighed  tubes 
and  I,  and  during  the  weighing  of  these  connect  k  with  m  by 
ns  of  a  glass  tube.  After  weighing  replace  i,  k,  and  I,  heat 
n  to  150°  or  160°,  and  pass  the  air  again  for  lialf  an  hour  or  an 
-,  weighing  i,  k,  and  I  again.  If  any  alteration  of  weight  has 
irred,  the  process  must  be  continued. 

rhe  increase  in  weight  of  the  absorption  tubes  after  deducting 
L  grm.  for  every  hour  during  which  the  air  has  been  passing 
for  every  6  litres  of  air)  represents  the  amount  of  silicon 
nde.  The  small  correction  is  necessary  because  air,  even  when 
>mes  in  contact  only  with  short  washed  pieces  of  india-rubber, 
.ys  gives  traces  of  sulphnrous  and  carbonic  acid  when  passed 
ngh  hot  concentrated  sulphuric  acid.  The  results  thus  obtained 
Feiy  satisfactory,  and  differ  from  the  truth  at,  the  moat  bj  a 
milligranunes. 
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b.  Oth»r  methods  of  Estimating  the  SUioon  Ffvoride  ei^ 

a.  Method  of  "Wohlee.  Only  applicable  when  the  sabs 
ia  readiljr  decomposed  bj  sulphuric  acid,  and  the  amoant  of  flu 
is  large.  Transfer  the  very  tinely  divided  substance,  if  neca 
intimately  mixed  with  10  or  15  parts  of  ignited  quartz  powxici 
small  flask,  add  pure  sulphuric  acid,  close  quickly  with  a  cork 
with  a  small  tube  filled  with  fused  calcium  chloride  (or  bettei 
half  with  fused  calcium  chloride  and  half  with  anhydrous  c 
sulphate  on  pumice),  weigh  the  whole  apparatus  as  quickly  at 
Bible,  warm  it  till  no  more  fumes  of  silicon  fluoride  escape,  re 
the  last  particles  of  gas  in  the  apparatus  by  an  air  pump,  alli 
oool,  and  weigh.  The  loss  of  weight  indicates  the  amount  of  s 
fluoride. 

p.  [S.  L.  Penfield*  determines  the  amount  of  expelled  e 
fluoride  by  an  indirect  volumetric  method ;  viz. :  by  passing  i 
a  solution  of  potassium  chloride,  and  titrating  tlie  hydrochloHi 
which  is  set  free  with  standard  ammonia  solution.  3SiF 
H.0  =  2  H,F.SiF.  +  SiO,  and  H.F.SiF,  +  2KCI  =  (KF)^iF 
HCI.     Two  mol.  HCl  thus  liberated  correspond  to  six  at.  F. 

The  process  of  decomposing  the  fluorine  compound  is  cond 
as  in  a,  and  the  same  apparatus  may  be  need  except  that  the 
last  U-tubes  i,  k,  I,  m,  are  replaced  by  two  larger  U-tubes  for 
ing  the  solution  of  potassium  chloride. 

The  aqueous  solntion  of  KCl  is  mixed  with  an  equal  volni 
alcohol  to  effect  complete  precipitation  of  the  hydrofluoeillcic 
The  titration  may  be  either  effected  directly  in  U-tnbes  (the  « 
of  which  will  contain  but  a  very  small  quantity  of  acid)  or 
transferring  to  a  beaker  and  rinsing  the  tnbee  with  alcohol 
water.  Care  must  be  taken  to  loosen  and  break  up  the  silicic 
and  to  have  at  least  half  of  the  final  volume  at  the  end  of  the 
tion  consist  of  alcohol.  Hesults  girenbytheaathor(loo.dt) 
■atisfactoiy.] 

*  AmeilcsD  Chem.  Joum.  L  p.  ST. 
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Fourth  Dimisum  of  the  First  Group  of  the  Adda. 

CAKBONIG  ACID SILICIO  ACID. 

§  139. 

1.  Carbonic  Acid. 

1.  Determination, 
t.  In  a  mixtttre  qf  Oaset. 

lifter  thoroughly  drying  the  gases  vith  a  ball  of  calcimn  chloride, 
atnrating  with  moiBtiire  (§  16),  measure  them  accTiratelj  in  a 
nated  tabe  over  mercury,  insert  a  ball  of  hydrate  of  potasea,* 
on  a  platinum  wire  in  a  pistol  bullet-mould,  take  care  that  the 
of  the  platinum  wire  remains  under  the  surface  of  the  mercury, 
;  in  the  tube  for  24  lionrs,  or  until  the  volume  of  the  gas  ceases 
liow  further  diminution ;  withdraw  the  ball,  and  measure  the 
remaining,  reinsert  the  same  or  a  fresh  ball  of  potassa,  and 
at  till  no  further  absorption  takes  place.  The  carbonic  acid 
8  inferred  from  the  difference,  provided  the  gaseous  mixture 
ained  no  other  gas  liable  to  absorption  by  potassa  (com^^re 
2-16).  In  very  accnrate  analyses  you  must  bear  in  mind 
carbonic  acid  does  not  exactly  follow  the  law  of  Mabiottb. 
i  the  amount  of  carbonic  acid  is  very  small,  this  process  does 
yield  sufficiently  accurate  results.  In  such  cases  one  of  the 
lods  recommended  in  "The  Analysis  of  Atmospheric  Air" 
Id  be  employed.  Several  kinds  of  special  apparatus  are  in  use 
;he  estimation  of  carbonic  acid  in  coal  gas  and  for  the  purposes 
agar  works.  I  may  mention  those  proposed  by  F,  RuDOBFFf 
LsBMAim  and  H.  WahleetJ  for  the  first  purpose,  and  by  C. 
eiBLEB§  and  C.  Stakmebj  for  the  second.  Besides  these  volu- 
ric  methods  the  gravimetric  processes  given  by  myself  for  the 
ysis  of  gaseous  mixtures^  may  often  be  used  with  great  advan- 


'  The  ordlnBry  brdrmte  U  not  adapted  for  the  parpoee.     It  ihould  be  fnted 
a  quarter  of  its  weight  of  «sl«r  In  a  platlDum  crucible. 
Vogg.  Annal.  136,  71.  t  Zeitscbr.  f.  aaal.  Cbem.  7,  S& 

Dlngler'B  pol^L  Joaro.  188,  806.  |  Ih.  102,  SOS. 

1  Zeitscbr.  f.  nnal   Clipiii.  ?,.  343. 
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i.  In  Aqueous  Sdution. 

a.  With  Calcidh  HrDBoxme. 

Into  a  flaek,  holding  about  300  cc,  put  2*5  to  3  (rrm.  ca] 
hydroxide  perfectly  free  from  carbonate.*  Provide  the  flask 
a  good  india-rubber  stopper,  tare  or  weigh  exactly,  add  the 
bonie  acid  water  with  gentle  agitatioa  till  the  flaek  is  two  thii 
three  qnarters  fall,  and  c!oee  at  once. 

In  adding  the  carbonic  acid  water  every  care  mnst  of  com 
taken  to  gnard  ag^nst  loss  of  carbonic  acid.  If  the  water 
from  a  pipe,  it  is  allowed  simply  to  run  in.  If  it  is  in  a  ji 
bottle,  cool  it  to  4°,  and  transfer  the  quantity  required  w 
syphon.f  If  tlie  water  is  in  a  baein  or  well,  provide  the 
with  a  stopper  in  wliich  two  glass  tubes  are  inserted,  one  f 
inches  long,  pushed  down  only  to  the  lower  surface  of  the  8to 
the  other  extending  through  the  stopper  a  short  distance  int 
flask,  but  only  to  the  upper  surface  of  the  stopper.  Sink  the 
into  the  water,  aad  water  will  enter  one  tube  and  air  escape  thi 
the  other.  Water  which  is  not  very  rich  in  free  carbonic  acid 
be  removed  from  the  basin  or  well  by  a  plunging-syphon. 

^  Now  weigh  the  flask  with  its  stopper  again,  and  you  will 
the  quantity  of  water  taken.  No  way  of  measoring  the  wa 
so  accurate  in  retaining  all  the  carbonic  acid  and  in  giving 
quantity  of  water  taken. 

If  there  is  much  interval  between  the  mixing  of  the  wate 
the  hme  and  the  estimation  of  the  carbonic  acid  in  the  precif 
the  calcium  carltonate,  which  is  at  first  amorphous,  passes  spoi 
onsly  into  the  crystalline  condition ;  but  if  the  carbonic  acid 
be  determined  soon  after  the  mixing,  heat  for  some  time  o 
water-bath,  raising  the  stopper  occasionally,  in  order  (o  haste: 
change  of  the  calcium  carbonate.  Now,  withont  distnrbin, 
precipitate,  Alter  the  clear  fluid  through  a  small  plaited 
which  will  take  a  very  short  time,  throw  the  filter  at  once  inl 
flask  containing  the  precipitate  and  the  rest  of  the  fluid,  am 
ceed  according  to  II.,  e.  This  process  luts  been  in  use  for  10 
in  my  laboratory  for  all  mineral  water  analyses;  it  is  extn 

*  This  is  prepared  bf  alakiog  freshly  burnt  Kme  with  water  in  such  i 
ner  tlwt  the  hydrate  obbdoed  appetuB  dry  «nd  puIverulenL  It  is  presei 
smsll  bottles,  the  corks  or  stoppers  of  which  are  covered  with  sealing  wai 

t  If  the  water  is  poured  directly  from  the  Jug  loto  the  flask,  carboa 
gas  is  very  likely  to  get  into  the  latter  as  well  as  tha  water. 
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eimple,  and  gives  excellent  results.*  If  the  water  contains  alkali 
carbonate,  pnt  a  quantity  of  calcinm  chloride  sufEcient  to  decom- 
pose the  alkali  carbonate  with  the  lime  in  the  flaek  before  adding 
the  water. 

j8.    ApTEE   pFlTENEOFEIl,t 

The  principle  of  this  simple  and  expeditious  process  consists  in 
mixing  the  carbonic  acid  water  with  a  measured  quantity  of  stand- 
ard lime  water  (or,  under  certain  circumstances,  baryta  water)  in 
excess.  After  complete  separation  of  the  calcium  or  barium  carbo- 
nate, the  excess  of  calcium  or  barium  in  the  fluid  is  determined  in 
an  aliquot  part  by  means  of  standard  eolntion  of  oxalic  acid ;  the 
difference  gives  the  calcium  or  barium  precipitated  by  the  carbonic 
acid,  and  consequently  the  amount  of  the  latter  present. 

If  a  water  contains  only  free  carbonic  acid,  the  analyst  lias  only 
to  bear  in  mind — if  lime  water  is  employed^that  the  calcium  cat^ 
bonate  formed  is  at  first,  as  long  as  it  remdns  amorphous,  reiy 
perceptibly  soluble  in  water,  to  which  it  communicates  an  alkaline 
reaction.  Hence  the  nnprecipitated  lime  in  the  fluid  cannot  be 
estimated  till  the  calcium  carbonate  has  separated  in  the  crystalline 
form,  which  takes  8  or  10  hours,  unless  the  mixture  is  warmed  to 
70"  or  80°.  On  this  account  it  is  generally  best  to  use  baryta 
crater  (see  "  Analysis  of  Atmospheric  Air"). 

If,  on  the  contrary,  a  water  contains  an  alkali  carbonate  or  any 
other  alkali  salt  whose  acid  wonld  be  precipitated  by  lime  or  baryta, 
a  nentral  solution  of  calcium  or  barium  chloride  must  first  be  added 
to  decompose  the  same.  This  addition,  too,  prevents  any  incon- 
venience arising  from  the  presence  of  free  alkali  in  the  lime  or 
baryta  water,  or  of  magnesium  carbonate  in  the  carbonic  acid 
water;  this  inconvenience  consists  in  the  fact  that  oxalate  of  an 
alkaJi  or  of  magnesium  enters  into  double  decomposition  with  cal- 
cium carbonate  (which  is  seldom  entirely  absent  from  the  fluid  to 
be  analyzed),  forming  calcium  oxalate  and  carbonate  of  the  alkali 
or  of  magnesium,  which  latter  will  of  course  again  take  np  oxalic 
acid. 

In  the  presence  of  magnesium  salts  in  the  carbonic  acid  water, 
in  order  to  avoid  the  precipitation  of  the  magnesium,  a  little 
ammonium  chloride  must  also  be  added,  but  in  tliis  case  heat  must 

"  Zeitschr.  f.  ual.  Ctiem.  a,  49  and  841.  ~ 

t  Bdckner'b  Deuea  Repert  10,  1 ;  Jouro.  f.  pnU.  Chem.  83.  88;  AnnaL  d. 
Cbem.  u.  Pharm.  iL,  SuppleawDtb.  1;  ZelUclir.  f.  anal.  CLem.  1,  93. 
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not  be  applied  to  induce  the  calciam  carbonate  to  become  n 
quickly  cryBtalline,  as  ammonia  would  be  thereby  expelled. 

In  making  tlie  determination  the  first  tiling  to  be  done  i 
Bsctirtain  the  relation  between  the  lime  or  baryta  water  an 
standard  solution  of  oxalic  acid.  Pbttenkopek  makes  the  li 
solution  by  dissolving  2'86S6  grm.  pure  oneffloresccd  dry  crj 
lized  oxalic  acid  to  1  litre ;  1  c.c.  of  this  is  equivalent  to  1  m^ 
carbonic  acid.  The  lime  water  is  standardized  as  follows :  Mea 
45  cc.  into  a  little  flask  which  can  be  closed  by  the  thumb, 
then  run  in  from  the  burette  the  solution  of  oxalic  acid  till 
alkaline  reaction  has  jost  vanished.  During  the  operation 
flask  is  closed  with  the  thumb  and  gently  shaken.  The  eD< 
attained  as  soon  as  a  drop  taken  out  with  a  glaea  rod  and  applie 
delicate  turmeric  paper*  produces  no  brown  ring.  The 
experiment  is  a  rough  one,  the  second  should  be  exact. 

The  analyEis  of  a  carbonic  acid  water  (a  spring  water, 
instance)  ie  performed  by  transferring  100  cc.  to  a  dry  flask, ; 
ing  3  c.c.  of  a  neutral  and  nearly  saturated  solution  of  calcinn 
barium  chloride,  and  2  cc.  of  a  saturated  solution  of  ammon 
chloride,  then  45  cc.  of  the  standard  lime  or  baryta  water;  c 
the  flask  with  an  india-rubber  stopper,  shake  and  allow  to  stan( 
hours.  The  fluid  contents  of  the  flask  measure  conseqaently 
cc.  From  the  clear  fluidt  take  out  by  means  of  a  pipette  two 
tioQS  of  50  c.c  each,  and  determine  the  free  lime  or  baiyta 
means  of  oxalic  acid,  in  the  first  portion  approximately,  iu 
second  exactly.  Multiply  the  cc  used  in  the  last  experiiuenl 
3  and  deduct  the  product  from  the  cc.  of  oxalic  acid  which  « 
gpoad  to  45  cc  of  lime  or  baryta  water.  The  difference  shows 
lime  or  baryta  precipitated  by  carbonic  acid,  each  cc  correspc 
to  1  mgrm.  carbonic  acid. 

*  For  the  preparatioD  of  tbia  bibulous  paper  should  be  used,  the  ash  of  n 
is  free  from  carbonate  of  lime.  Swediah  fliteriog-psper  ansn era  bcaL  J.  G 
LIEB  (Journ.  f.  prakt.  Chem.  107,  488;  ZeiUchr.  f.  aoal.  Chem.  9,  S51)  pr 
aqueous  tincture  of  litmus,  prepared  from  litmuB  first  exhausted  with  spirit 
used  in  a  very  dilute  state.  E.  Bchclzb  aud  H.  HIrckkr  (Zeitscbr.  f.  i 
Chem.  9,  334)emplo7Coral1iD  orrosolic  acid,  which  theyaay  is  specially  sdi 
for  (he  purpose.  The  alcohoiic  solution  ia  cautiously  neutmlized  with  poi 
aod  a  drop  or  two  of  this  tincture  is  added.  F.  Schdlzs  (Zeitechr.  f.  anal.  CI 
0,  292}  recommends  spirituous  tincture  of  turmeric. 

t  It  is  not  admisBlbie  to  use  a  filter  (A.  MBllkb,  Zeitscbr.  f,  anal  Cbea 
84). 


by  Google 


§  139.]  CARBOMIC   ACID.  407 

The  method  is  cODTenient  and  good;  it  ia  especially  to  tic 
recommended  for  dilute  carbonic  acid  water.  When  calcium  sul- 
phate or  carbonate  is  present,  as  is  alniost  always  the  case  in  spring 
water,  yon  must  always  before  titrating  await  the  conversion  of  the 
auiorphons  calcium  carbonate  to  the  ciystalline  state,  even  if  baryta 
water  is  used  (K.  Knapp*).  Baryta  water  therefore  possesses  no 
advantages  over  lime  water  for  the  analysis  of  spring  waters, 

II.   Separation  of  Carbonic   Acid  from   the   Basic 
Radicals,  and  its  Estimation  in  Carbonaiea. 

a.  Satimation  in  Normal  Alkali  Carbonates  and  Alkali-^arth 
Carbonates. 

If  the  salts  are  nnqnestionahly  normal  carbonates,  and  there  is 
no  otlier  salt  with  power  to  neutralize  an  acid  present,  we  may 
determine  the  quantity  of  the  basic  radical  by  the  alkalimotric 
method  (§§  196,  198),  and  calculate  the  amount  of  CO,  necessary 
to  form  with  it  normal  carbonate, 

h.  Separation  from  Basic  Metals  in  Salts  which  upon  ignition 
readily  and  completely  yield  their  Carbonic  Acid. 

Such  are,  for  instance,  the  carbonates  of  zinc,  cadmium,  lead, 
copper,  magnesium,  &e. 

a.  Anhydrous  Carbonates. — Ignite  the  we%hed  substance,  in  a 
platinum  crucible  (cadmium  and  lead  carbonates  in  a  porcelain 
crucible),  until  the  weight  of  the  residue  remains  constant.  The 
results  are,  of  course,  very  accurate.  Substances  liable  to  absorb 
oxygen  upon  ignition  in  the  air  are  ignited  in  a  bulb-tube,  through 
which  a  stream  of  dry  carbon  dioxide  gas  is  conducted.  The  car- 
bonic acid  is  inferred  from  the  loss. 

0.  Hydrated  Carbonates. — The  snbstance  is  ignited  in  a  bnlb- 
tube  through  which  dried  air  or,  in  presence  of  oxidizable  sub- 
stances, carbon  dioxide  is  transmitted,  and  which  is  connected  with 
a  calcium  chloride  tube,  by  means  of  a  dry,  close-fitting  cork. 
During  the  ignition,  the  posterior  end  of  the  bulb-tube  is,  by 
means  of  a  small  lamp,  kept  sufficiently  hot  to  prevent  the  con- 
densation of  water  in  it,  care  being  taken,  however,  to  guard  against 
bnming  the  cork.  The  loss  of  weight  of  the  tube  gives  the  amount 
of  the  water  +  the  carbonic  acid;  the  increase  of  weight  gained  by 
the  calcium  chloride  tube  gives  the  amount  of  the  water,  and  the 
difEerence  accordingly  that  of  the  carbonic  acid.  A  somewhat 
•  Annal.  d.  Chem.  o.  Pbann.  158.  llSi  ZeiUchr.  t.  anal,  Chem.  10,  801. 
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vide  glass  tnbe  ma;  also  he  put  in  the  place  of  the  bulb-tabe,  i 
he  BiibetaDce  introduced  into  it  in  a  little  boat,  which  is  weigl 
>efore  and  after  tlie  operation, 

c.  Separation  from  all  fijied  Basic  RadioiUajioithintt  exctjiti 
n  Anhydroua  Carbonates. 

Fuse  vitrified  borax  in  a  weighed  platinum  crucible,  allov 
»ol  in  the  desiccator,  weigh,  then  transfer  the  well-dried  substa 

0  tlie  crucible  and  weigli  again.  The  weights  of  both  carbon 
tnd  borax  are  thus  ascertained.  Th^y  ehould  be  in  about  tlie  j 
x>rtioii  of  1  : 4,  Heat  is  then  applied,  which  ia  gradually  increa 
:o  redness,  and  maintained  at  tliia  temperature  until  the  contt 
)f  the  crucible  are  in  a  state  of  calm  fusion.  The  crucible  is  i 
illowed  to  cool,  and  weighed.  The  loss  of  weight  is  carbonic  * 
riie  results  are  very  accurate  (Schaffootsch), 

I  mnst  add  that  borax-glaes  may  be  kept  in  a  state  of  fusioi 

1  red  lieat  for  i  to  i  an  hour  without  the  occurrence  of  any  v 
:ilization,  but  that  at  a  white  heat  (by  igniting  over  the  gas- 
ows),  even  in  a  few  minutes,  it  suffers  a  decided  loss.*  A 
nubbles  of  carbonic  acid  remaining  in  the  fusing  mass  are  with 
uiy  influence  on  the  result. 

Instead  of  vitrified  borax  fused  potassium  dichromate  maj 
ascd,  in  the  proportion  of  5  to  1  of  the  carbonate  (H.  Rose+).  ' 
lieat  applied  in  this  case  must  be  low,  and  great  caution  must 
used,  or  the  dichromate  will  lose  weight  of  itself.if  The  carb< 
icid  may  be  expelled  from  alkali  carbonates,  by  strong  ignil 
with  ignited  silica  (H.  Robe§). 

d.  Saparatum  by  decomposition  mith  Actdi.  {JS^tima 
from  i!ie  losa  of  weight.) 

a.  Carbonates  of  tnetali  which  form  Sohtile  SaUa  t 

/Sulphuric  Acid. 

The  process  is  conducted  in  the  apparatos  illnstrated  by  fig. 

The  size  of  the  flask  depends  upon  the  capacity  of  the  balai 

Bmay  be  smaller  than  .4.    The  tube  a  is  closed  at  J  with  a  little  i 

jail,  or  a  small  piece  of  india-rubber  tube,  stopped  with  half  an  i; 

)f  rod  ;  the  other  end  of  the  tube  a  is  open,  as  are  also  both  e 

)f  c  and  d.     The  flask  B  is  nearly  half  filled  with  coneentra 

lulphuric  acid,  free  from  oxides  of  nitrogen  and  sulphurous  &• 

"  Zeilschr.  f.  anal.  Chem.  1,  65,  t  Pogg-  Annal.  118.  131. 

{  ZeitBchr.  f.  anal.  Chan.  1,  188.  g  Fogg.  Annal.  llfl.  OSIL 
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ubee  most  fit  atr-tiglit  in  the  corks,  and  the  latter  equally  so 
flasks.  Tho  weighed  substance  is  put  into  A ;  tluB  fiask  is 
illed  about  one  third  with  water,  the  cork  properly  inserted, 
he  apparatus  tared  on  the  balance.  A  few  bubbles  of  aii- 
iw  sucked  out  of  dy  by  means  of  an  india-rabber  tube.  This 
.  to  rarefy  the  air  in  A  also,  and  causes  the  snlpharic  acid  in 
iscend  in  the  tube  o.  The  latter  is  watched  for  some  time, 
«rtain  whether  the  column  of  sulplniric  acid  in  it  remains 
lary,  which  is  a  proof  that  tlie  apparatus  is  air-tight.  Air  is 
igain  sucked  out  of  dy  which  causes  a  portion  of  the  sulphuric 

0  flow  over  into  A.  The  carbonate  in  the  latter  flask  is 
iposed  by  the  sulpbnric  acid,  and  the  liberated  carbonic  acid, 
etely  dried  in  its  passage  through  the  sulphuric  acid  in  B, 
B  through  d.     When  the  evolu- 

E  the  gas  slackens  a  fresh  portion 
phuric  acid  is  made  to  pass  over 
1,  by  renewed  suction  through 
i  operation  being  repeated  until 
bole  of  the  carbonate  is  decom- 
A  more  vigorous  suction  is 
pplied,  to  make  a  large  amoont 
pliuric  acid  pass  over  into  A, 
by  the  contents  of  that  flask  are 
erably  heated ;  when  the  evoln- 
if  iras   bubbles   has   completely  _ 

,  the  stopper  on  a  is  opened,  and 

1  applied  to  tZ,  until  the  air  sucked  out  tastes  no  longer  of 
lie  acid.*  When  the  apparatus  is  quite  cold  it  is  replaced 
he  balance,  and  the  equilibrium  restored  by  additional  weightfi, 
im  of  the  weights  so  added  indicates  the  amount  of  carbonic 
riginally  present  in  the  substance. 

the  flasks  A  and  B  are  selected  of  small  size,  the  apparatus 
le  so  constructed  that,  together  with  the  contents,  it  need  not 
above  70  grammes,  admitting  thns  of  being  weighed  on  a 
te  balance.  The  results  obtained  by  the  nse  of  tliis  apparatus, 
uggested  by  Wir.L  and  myself,  are  very  accurate,  providwl 
nantity  of  the  carbonic  acid  be  not  too  trifling.     Various 


xperlmenls,  it  is  advisable  to  connect  the  end  b  of  Ilie  tube  a 
calcium  chloride  tube  during  tiie  process  of  suction,  and  to  use  lui  aspira- 
ijdraulic  air-pump  iuBtead  of  the  mouiti. 
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luodifications  of  tlie  apparatus  have  becu  proposed,  princi 
order  to  make  it  lighter. 

If  Bulphiteg  or  sulphidee  are  present,  together  with  the 
ateB,  tlieir  injnrions  influence  is  best  obviated  hj  addiog 
curhonate  solution  of  normal  potassium  chromate  in  ino 
sufficient  quantity  to  effoct  their  oxidation.  If  chlorides  a: 
ent,  in  order  to  prevent  the  evolution  of  hydrochloric  acid, 
the  evolution  flask  a  eufficient  quantity  of  silver  sulphate 
tion,  or  connect  tlie  exit  tube  d  with  a  small  prepared 
wliicli  is,  of  course,  first  tai'ed  with  the  apparatus,  and  afti 
weighed  witli  it.  ThisU-tube  is  prepared — in  accordance  v 
happy  proposal  of  Stolba — by  filling  with  fragments  of 
which  have  been  boiled  with  an  excess  of  concentrated  soli 
cupric  sulphate,  till  the  air  has  been  expelled,  and  then  dr 
heated  fo  comjiletc  dehydration  of  the  copper  salt.  If  the 
is  only  8  cm.  high  and  has  a  bore  of  1  cm.,  it  answers  the  | 
very  well.  Tlie  outer  end  is  provided  with  a  perforated  ci 
short  glass  tube.  Wo  apply  suction  to  this  by  means  of  a 
tube,  instead  of  to  c^ 

j8.  After  S.  W.  Johnson.*  AU  Carb<mates  whi 
«ohe  freely  in  cold  dilute  add. 
The  apparatus  may  consist  of  a  light  flask  or  bottle  wil 
mouth  which  is  closed  by  a  soft  rubber  stopper,  through 
there  j>asse8,  on  the  one  hand,  a  calcium  chloride  tube,  th< 
bulb  of  which  contains  cotton,  and,  on  the  other,  the  net 
vessel  which  contains  the  dilute  acid.  This  acid  reservoi 
constructed  that  on  suitably  inclining  it,  its  contents  wi 
freely  into  the  flask.  For  this  purpose  the  tube  connectii 
the  latter  has  an  internal  diameter  of  seven  millimetres, 
extremity  is  cut  ofE  obliquely ;  at  its  other  end,  the  acid  re 
terminates  in  an  upturned  narrow  tube.  This  and  the 
termination  of  the  calcium  chloride  tube  are  chosen  of  such 
ter  that  they  fit  quite  snugly  into  short,  narrow,  and  thick 
rubber  coimectora  which  are  again  provided  with  glase-ro 
]>crs;  all  these  joints  must  be  gas-tight.  In  figure  5!)  thoap 
is  represented  in  one  third  its  proper  dimensions. 

The   iveighed    substance,   in   ease    of    calcium   ciirbonat 
is  placed  at  the  bottom  of  the  flask,  most  conveniently 

•  Atavrican  Journal  of  Science  and  Arts,  vol,  ilv.  ill,  July,  1801 
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of  atn&ll  fragmentB.  The  acid  vessel  is  nearly  filled  with 
ochloricacidofsp.gr.  1-1.  It  and  the  calcium  chloride  tube  are 
Ij  adjusted  to  the  neck  of  the  fiask,  and  the  glasa-rod  stoppers 
r  removed,  the  apparatus  is  connected  at  o  with  a  self-regulat- 
^nerator  of  washed  carbonic  acid,  aud  a  rather  rapid  stream  of 
p£  is  transmitted  through  the  apparatus  for  15  minutes,  or 

the  liquid  is  saturated  and  the  air  ia  thoroughly  displaced. 
1  the  opening  at  (2  is  stopped  and  afterward  the  apparatus  is 
nnected  with  the  carbonic  acid  generator  and  stopped  at  c. 
ng  these  as  well  as  the  subsequent  operations,  the  apparatus 

bo  BO  handled  that  its  temperature  shall  not  change.  It  is 
ediately  weighed.  When  removed  from  the  balance,  loosen 
topper  at  d,  and,  holding  the  flask  by  a  wooden  clamp,  incline 
that  the  acid  may  flow  over  upon  the  carbonate.  The  decom< 
ion  should  proceed  slowly,  bo  that  the 
ling  gas  may  be  thoroughly  dried.     As 

as  solutiou  of  the  carbonate  is  complete, 
ce  the  stopper  at  d,  and  weigh  again. 
Id  there  be  any  leak  in  the  apparatus  the 
is  made  evident  by  a  slow  but  steady  loss 
light,  when  it  is  brought  upon  the  balance, 
the  joints  are  sufficiently  tight,  the  weight 
ins  ^e  same  for  at  least  fifteen  minutes. 
7'hen  properly  executed  the  process  gives 
mely  atjourate  results ;  a  slight  change  of 
erature  or  of  atmospheric  pressure  be- 
1  the  two  weighings  of  course  greatly  im- 

the  results  or  renders  them  wortldess. 
I  tlie  apparatus  usually  rises  a  little  in 
erature  during  the  solution  of  the  carbon- 
t  is  better,  a£  soon  as  the  substance  is  do-  i]>t    na 

■osed,  to  stopper  the  CaCI,  tube  and  let 
/hole  stand  fifteen  minutes,  then  to  connect  as  before  with 
as-generator  and  pass  dried  CO,  for  a  minute,  and  finally  to 
>er  again  and  bring  upon  the  balance.  In  seven  analyses  of 
calcite  in  quantities  ranging  from  0'5  to  0-9  grm.,  the  foUow- 
lercentages  of  carbonic  acid  were  obtained,  viz. ;  44-07,  44-OT, 
I,  44-01,  44-04,  44-11,  44-16;  calculation  requires  44-00. 
1  case  of  alkali-carbonates  which  absorb  carbonic  acid  gas,  it  is 
isary  to  modify  the  apparatus.     Instead   of   the   light   flask. 
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we  may  employ  a  small  bottle  o£  thick  glass  and  wider  moi 
a  thrice  perforated  rubber  Btopper.  Through  the  third  oril 
a  uarrow  tube  3  to  4  inches  long  enlarged  below  to  a  small 
contain  the  carbonate.  Tliia  bulb  must  be  so  thin  that  on  ; 
down  the  tube  within  the  bottle  it  shall  be  easily  crashed  t 
against  the  bottom  of  tlie  latter.  The  carbonate  is  weigl 
the  bulb-tnbe,  the  latter  is  wiped  clean  down  to  the  bnlb, 
and  fixed  in  the  stopper.  Tlie  apparatus  is  tilled  as  befc 
CO,  and  weighed.  Then  the  bulb  is  broken  and  the  pnx 
ished  as  before  described.  In  three  eHtiinations  on  60<lian 
nate,  41'54,  41-64,  and  41 '58  per  cent,  of  CO,  were  obtained 
eolation  requires  41 -SI  per  cent.] 

e.  All  Carhonateswithout  exception  (Determination  by 
tion  and  weigliing  of  CO,),  II.  Rose. 

The  flask  for  decomposing  the  carbonate  should  be  sni 
c.c),  in  order  to  facilitate  subsequent  removal  of  carbonic 
aspiration,  unleB.s  the  substance  froths  strongly  during  its 
position,  in  which  case  a  larger  flask  must  be  used.  The 
the  funnel  tube,  after  it  is  inserted  in  the  rubber  stopper  w 
fitted  to  the  fiask,  is  drawn  to  a  legs  diameter  and  bent  npv 
the  form  of  a  hook,  to  prevent  the  entrance  of  gas-bubbles. 
the  stop-cock  its  internal  diameter  should  not  be  bo  small  a^ 
vent  water  when  poured  in  from  filling  it,  and  this  portion 
be  so  long  that  the  pressure  of  the  liquid  filling  it  will  si 
force  gas  through  the  apparatus,  A  piece  of  glass  tube  b 
right  angle  is  fitted  to  the  funnel  by  means  of  a  piece  of 
tube  slipped  over  it. 

The  nearly  horizontal  glass  tube  (about  O'T  metre  lon{ 
thin  glass,  and  of  a  diameter  not  less  than  12  millimetres 
inclined  to  such  extent  that  water  condensing  in  it  may  flo' 
The  upper  half  is  filled  with  granulated  dried  calcium  c 
secured  in  place  by  a  little  cotton  or  asbestos  at  each  end. 
end  of  the  large  tube  a  small  tube  is  fitted  by  means  of  a 
stopper,  and  to  this  is  joined  by  a  rubber  tnbe  the  potash 
tus  and  soda-lime  tube  (weighable  either  jointly  or  sep 
charged  with  absorbents,  as  described  §§  174, 175.  The 
removed  to  receive  the  weig:hed  substance,  and  replaced  ■ 
disturbing  the  position  of  the  rest  of  the  apparatus.  It  c 
be  ascertained  whether  the  apparatus  will  leak  gas  by  fo 
little  air  (free  from  carbonic  acid)  through  the  funnel  tube, 
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itop-cock,  and  observing  wlietber  the  unequal  lieight  of  liquid 
le  two  lirabe  of  the  potaeli  apparatus  remains  for  a  few  minutes, 
oduce  a  little  water  tlirougL  the  funnel  tube,  and  next  acid 
ly  by  turning  the  stop-cock  until  evolution  of  CO,  ceases, 
small  right-angled  tnbe,  to  which  is  attached  a  large  tube 
1  with  fragments  of  potash  (see  §  175),  is  now  inserted  la 
glass  funnel,  and  a  slow  current  of  tar  (1  bubble  per  second)  is 
TO  through  the  apparatoa  by  means  of  an  aspirator  (tig,  62) 
lected  witli  the  Boda-Iiuie  tube.  The  aspirator  should  not  be 
lected  directly  to  the  soda-lime  tube,  but  to  &  calcinm-chlonde 
!,  which  ought  to  be  connected  with  the  latter  during  the 
le  operation.     As  soon  as  the  current  of  air  is  established, 


F!g.». 

iy  the  smallest  possible  flame  of  a  Bnnsen  lamp,  best  Inain- 
ed  constant  by  capping  the  burner  with  wire  gauze  until  the 
i  just  boils.  Keep  up  the  gentle  boiling  a  few  minutes  until 
iT  condenses  in  tlie  tube,  but  not  ubtil  condensed  drops  appear 
e  up  to  the  calcium  ciiloride.  Remove  then  the  lamp,  and 
rate  a  while  longer  somewhat  faster.    Tlie  volume  of  air  neces- 

to  remove  the  carbonic  acid  depends  upon  the  size  of  the 
>mposing  flask.  "When  the  operation  is  completed,  disconnect 
absorbing  appanitns.  close  the  ends  with  caps  of  rubber  tubing, 

weigh  after  lapse  of  half  an  honr. 

For  liberating  the  carbonic  acid,  sulphnric  acid  (the  concen- 

sd  dilated  with  4  or  6  times  its  volume  of  water)  is  best 


by  Google 


4l4  DXTHaMTNATIOK. 

adapted,  provided  it  readily  decompoees  the  sobstance  ' 
fomiatioD  of  iBBolnble  eulphates. 

When  there  are  objections  to  using  snlphnric  add,  dilnte 
chloric  acid  (containing  about  10  per  cent)  may  be  used,  i 
rarely  nitric  acid.  Nitric  acid  cannot  be  nsed  when  snbetai 
present  which  caoee  its  decompoeition  ;  e.g.,  ferrons  salts  e 
phides. 

When  aulphurio  acid  is  used,  the  evolution  of  H^  fr 


Fig.  63. 

phides,  if  present,  may  be  prevented  by  adding  first  a  soli 
chromic  acid  or  mercuric  chloride.  If  snlphitoa  are  pres 
(^liromic  acid  or  potassium  chromate.  When  hydrochloric 
employed,  the  disturbing  influence  of  compounds  which  cai 
lution  of  chlorine  may  be  prevented  by  allowing  some  cona 
eolation  of  stannons  chloride  to  run  into  the  flask  before  e 
of  the  acid.  When  hydrochloric  acid  is  used,  or  even  sulp 
the  presence  of  chlorides,  it  is  beet  to  guard  against  the  po 
of  carrying  HCI  gas  into  the  potash  apparatus  by  subs 
Stolba'b  preparation  of  anhydrous  copper  sulphate  and  ] 
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stone  (see  page  410)  for  that  portion  of  the  calcium  chloride  which 
fills  10-15  cm.  of  the  end  of  the  tube, 

A  modification*  of  the   above-deecribed  apparatas,  jxjssessing 
some  obvions  advantagee,  is  shown  by  fig.  61.     In  pkce  of  the 
empty  part  of  the  long  glass  tube  shown  in  fig.  60  is  substituted  a 
smaller  strong  tube,  provided  with  a  cooling  apparatns  tiirongh 
which  water  circalates.     This  is  connected  by  a  piece  of  cloee- 
fitting  rubber  tube  with  the  remaining  part  d.     Some  suitable 
form  of  apparatns  for  absorbing  CO,  most,  of  course,  be  attached 
to  din  the  manner  shown  by  fig.  60.     The 
calctnm-chloride  tube,  used  to  prevent  moist 
air  from  entering  the  absorbing  apparatus, 
is  conveniently  supported  by  attaching  it  to 
the  aspirator  (fig.  62).     The  aspirator  may 
be  connected  with  the  apparatus  from  the 
banning  to  the  end  o£  the  operation,  with 
its  stopKMJck  80  adjusted  that  water  fiows 
from  it  drop  by  drop.     In  conducting  the 
operation,  a  little  variation  from  the  before 
described  manipulation  ie  admissible  on  ac- 
count of  the  presence  of  the  condensing  ap- 
paratus.    After  enough  acid  baa  been  ad- 
mitted to  effect  decomposition,  the  stop-cock 
of  a  is  closed,  a  little  liquid  still  being  al- 
lowed to  remain  above  it.     Heat  is  then 
applied  as  before  directed,  but  continued 
longer  ontil  the  CO,  is  almost  or  quite  ex- 
pelled from  the  flask  by  steam.     This  point 
_     „  is  indicated  by  almost,  or  nearly,  entire  ees. 

sation  of  dropping  of  water  from  the  aspi- 
rator. Diminish  now  the  heat,  and  immediately  after  open  the 
etop-cock  of  a  and  let  air  (free  from  CO,)  enter  and  replace  the 
condensing  et«am.  Boil  again  to  expel  the  air  which  has  entered, 
after  which  a  small  volume  of  air  drawn  through  tlie  apparatus  by 
the  aspirator  will  ensure  the  bringing  of  all  the  GO,  into  the  absoib- 
ing  apparatus. 

/.  Saiimaiion  ly  Meaaurinff  the  Oat. 

This  process  is  applicable  in  the  case  of  all  salts  which  are 

•  Derlaed  bf  H.  L.  Weiu,  of  the  Sheffield  Laboratoiy. 
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imposed  by  lijdrocbloric  acid  in  the  co]d.  It  is  diBtioguished 
rapid  and  convenient  execution  and  very  Batisfactory  reealto. 
i  azotometer,  fig.  63,  is  employed,  and  the  details  of  the 
esB  are  for  the  most  part  similar  to  those  followed  in  the 
nation  of  ammonia  as  described  on  pa^  222.  The  weighed 
onate  is  pnt  in  the  bottle  a,  and  the  tnbe^  is  charged  with  5 
of  H.  CI.,  ep.  gr.  1'125.  When  the  burette  is  adjusted  to  zero, 
iicid  is  ponred  at  once  upon  the  carbonate.  The  precantions  to 
bserved  in  the  measurement  of  the  gas  are  as  detailed  on  page 
It  is  not  needful  to  wait  so  long  for  the  gas  to  cool.  The 
ssary  corrections  are  applied  by  aid  of  the  tables  given  by 
;rich,  pages  416-418.  Their  use  is  perfectly  similar  to  that  of 
tables  given  on  pagee  223-225.] 

§  140. 
2.  Silicic  Acid, 

I.  Dbtbemination, 

rbe  direct  estimation  of  silicic  acid  is  almost  invariably  effected 
onverting  the  soluble  modification  of  the  acid  into  the  insol- 
modification,  by  evaporating  and  completely  drying ;  the 
luble  modification  is  then,  after  removal  of  all  foreign  matter, 
ted  strongly  (over  the  bellows  blowpipe)  and  weighed. 
For  the  guidance  of  the  student  I  would  observe  here  that,  to 
■d  against  mistakes,  he  should  always  teat  the  purity  of  the 
iked  silicic  acid.  The  methods  of  testing  will  be  found 
w. 

[f  you  have  free  silicic  acid  in  tlie  state  of  hydrate,  in  an  ague- 
or  acid  solution  free  from  other  fixed  bodies,  simply  evaporate 
solution  in  a  platinum  dish,  ignite  and  weigh  the  residue. 
Etespecting  a  volumetric  estimation  of  silicic  acid  (conversion 
potassium  silicofiuoride  and  acidimetric  determination  of  the 
s,  see  §  97,  4),  I  must  refer  to  Stolba.* 

II.  Sepabation  of  Silicio  Acid  fboh  the  Basic  Rad- 
icals. 

I.  In  all  compounds  which  are  decomposed  hy  Hydrochlorio 
V^itric  Acid,  on  digeation  in  open  vetseU. 

*  ZcitMhr.  f.  anal.  Cbcm.  4,  ISa 
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To  this  class  belong  the  silicates  solnbte  in  water,  as  i 
many  of  the  insohible  silicateB,  as,  for  instance,  nearly  all  zt 
Several  minerals  not  decompoeable  of  themselves  by  acids,  b 
BO  by  persistent  ignition  in  a  state  of  fine  powder  (F.  Mohk 
the  ignition  is  too  strong,  particles  of  alkali  may  be  lost. 

The  substance  is  very  finely  powdered,t  dried  at  100°,  ai 
into  a  platiQum  or  porcelain  dieb  (in  the  ease  of  silicates  whoe 
tion  might  be  attended  with  disengagement  of  chlorine,  pU 
cannot  be  nsed) ;  a  little  water  is  then  added,  and  the  p 
mixed  to  a  nniform  paste.  Moderately  concentrated  hydrtx 
acid,  or — if  the  substance  contains  lead  or  silver — nitrie  acid, 
added,  and  the  mixture  digested  at  a  very  gentle  beat,  wit. 
stant  stirring,  until  the  substance  is  completely  decompoc 
other  terms,  until  the  glass  rod,  which  is  rounded  at  thi 
encounters  no  more  gritty  powder,  and  the  stirring  pr 
smoothly  without  the  least  grating. 

The  silicates  of  this  class  do  not  all  comport  themselves 
same  manner  in  this  process,  bat  sliow  some  differences;  thv 
of  them  form  a  balky  gelatinous  mass,  whilst  in  the  case  of 
the  silicic  acid  separates  as  a  light  pulverulent  precipitate ; 
many  of  them  are  decomposed  readily  and  rapidly,  whilst 
require  protracted  digestion. 

When  the  decomposition  is  effected,  the  mixture  is  evap 
to  dryness  on  the  water-bath,  and  the  residue  heated,  with  fr 
stirring,  until  all  the  small  Iuui]»  have  crumbled  to  pieces,  a 
whole  mass  is  thoroughly  dry,  and  until  no  more  acid  fumes  i 
It  is  always  the  safnst  way  to  conduct  the  drying  on  the  wate 
Occasionally  it  is  well  to  moisten  the  dry  mass  with  water  ant 
orate  again.  lu  cases  where  it  appears  desirable  to  accelera 
desiccation  by  the  application  of  a  stronger  heat,  an  air-bat! 
l>e  had  recourse  to ;  which  may  be  constructed  in  a  simple  v 
suspending  the  dish  containing  the  sulratance,  with  the  aid  o 
in  a  somewhat  larger  dish  of  silver  or  iron,  in  a  manner  to 
everywhere  between  the  two  dishes  a  small  space  of  nnifonn 
Direct  heating  over  the  lamp  is  not  advisable,  as  in  the 
strongly  heated  parts  the  silicic  acid  is  liable  to  unite  agai 

•  Zcitschr.  f.  anal.  Chem.  7,  298. 

t  Very  hard  aiticales  (;anDOt  bo  powdered  in  an  agate  mortar  withou 
up  silica;  these  must,  thererorc,  be  powdered  ia  a  steel  mortar,  ^(led,  m 
from  particles  of  steel  with  tlie  magnet. 
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separated  bases  to  compounds  which  are  not  decomposed,  or 
'  miperfectly,  by  hydrochloric  acid. 

SVhen  the  maas  ie  cold,  it  is  brought  to  a  Btat«  of  semi-flnidity 
horonghly  moisteniDg  it  with  hydrochloric  acid  ;  after  whi(^ 

allowed  to  8tan<l  for  half  an  hoar,  then  warmed  on  a  water- 
I,  diluted  with  hot  water,  stirred,  allowed  to  deposit,  and  the 
I  decanted  on  to  a  filter ;  the  residnary  silicic  acid  is  again 
'ed  with  hydrochloric  acid,  warmed,  diluted,  and  the  fluid  once 
e  decanted  ;  after  a  third  repetition  of  the  same  operation,  the 
dpitate  also  is  transferred  to  the  filter,  thoroughly  washed  with 
water,  well  dried,  and  ignited  at  last  as  strongly  aa  possible,  as 
cted  itt  §  52.     For  the  properties  of  the  residue,  see  §  93,  9. 

results  are  accurate.  The  basic  metals,  which  are  in  the  filtrate 
iilorides,  are  deterrained  by  the  methods  given  above.  Devia- 
9  from  the  instructions  here  given  are  likely  to  entail  loes  of 
tance ;  thus,  for  instance,  if  the  mass  is  not  thoroughly  dried, 
t  inconsiderable  portion  of  the  silicic  acid  passes  into  the  solu- 
,  whereas,  if  the  instructions  are  strictly  complied  with,  only 
38  of  the  acid  are  dissolved ;  in  accurate  analyses,  however,  even 
I  minute  traces  must  not  be  neglected,  but  should  be  separated 
I  the  metals  precipitated  from  the  solution.  The  separation 
,  as  a  role,  be  readily  effected  by  dissolving  them,  after  ignition 
weighing,  in  hydrochloric  or  sulphuric  acid,  by  long  digestion 
le  heat,  the  traces  of  silicic  acid  bctng  left  undissolved.  Some- 
ts  it  is  better  to  fuse  the  metallic  oxides  with  potassium  disnl- 
»,  or  to  reduce  them  to  the  metallic  state  by  ignition  in  hydro- 

and  then  to  treat  with  hydrochloric  acid.    Again,  if  the  silicic 

is  not  thoroughly  dried  previous  to  ignition,  the  aqueous  vapor 
ngaged  upon  the  rapid  application  of  a  strong  heat  may  cairy 
y  particles  of  the  light  and  loose  silica. 

rhe  silicic  acid  may  be  tested  as  follows :  This  testing  mnst  on 
ccount  be  omitted  if  the  silica  has  been  separated  in  a  pnlvem- 

and  not  in  a  gelatinous  form.  Heat  a  portion  on  a  water-bath 
1  moderately  concentrated  solution  of  sodium  carbonate  for  an 
r  in  a  platinum  or  silver  dish  ;  with  less  advantage  in  a  porce- 

dish,  Egoeetz*  recommends,  for  -1  grm.  silicic  acid,  6  c.a 
.  saturated  solution  of  sodium  carbonate  and  12  cc.  of  water. 
B  silica  would  dissolve.    If  a  residne  remains,  pour  off  the  clear 

•  Zeltachr.  t.  mnal.  Chem.  7,  B0«. 
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fluid  and  beat  again  with  a  small  ijnaatit/  of  eodiam  carboni 
a  residue  still  remains,  weigh  the  rest  of  the  impare  uhc 
treat  it  according  to  &,  to  estimate  the  amomit  of  impurity. 

If  yon  have^r«  hjdroflnoric  acid,  you  amy  also  test  the 
acid  in  a  very  easy  manner,  by  treating  it  with  this  acid  and 
drops  of  sulphuric  acid  in  a  platinum  dish  ;  upon  the  evapc 
of  the  solatioQ,  the  silicic  aoid,  if  pore,  will  volatilize  comj 
(as  fluoride  of  silicon).  If  a  residue  remains,  moisten  thii 
more  with  hydroflnorio  acid,  add  a  few  drops  of  sulphnnc 
evaporato,  and  ignite ;  the  residne  consists  of  the  sulphates 
metals  retained  by  the  silicic  acid,  as  well  as  any  titanic  acii 
was  present  (Bebzeuds).  Ammonium  fluoride  may  be 
instead  of  hydrofluoric  acid. 

b.  Compounds  which  are  not  decomposed  hy  Sydrochlo 
JfUric  Acid,  on  digestion  m  open  vessels. 

a.  Decomposition  hy  fusion  vnih  Alkali  Carixmat 

Iteduce  the  substance  to  an  impalpable  powder,  by  triti 
and,  if  necessary,  sifting  (g  25) ;  transfer  to  a  platinum  en 
and  mix  with  about  4  times  the  weight  of  pure  anhydrous  s 
carbonate  or  sodium  and  potassium  carbonate,  with  the  ai( 
rounded  glass  rod ;  wipe  the  rod  against  a  small  portion  of  s 
carbonate  on  a  card,  and  transfer  this  also  from  the  card 
crucible.  Cover  the  latter  well,  and  heat,  according  to  size, 
gas  or  spirit-lamp  with  double  draught,  or  a  Mast  gae-Iam 
insert  in  a  Hessian  crucible,  compactly  filled  np  with  a 
magnesia,  and  heat  in  a  charcoal  fire. 

Apply  at  first  a  moderate  heat  for  some  time  to  make  tin 
simply  agglutinate ;  the  carbonic  acid  will,  in  that  case,  eecap 
the  porous  mass  with  ease  and  unattended  with  spirting.  In 
the  heat  afterwards,  finally  to  a  very  high  degree,  and  ten 
the  operation  only  when  the  mass  appears  in  a  state  of  calm  1 
and  gives  no  more  bubbles. 

The  platinum  cmcible  in  which  the  fusion  is  condnctec 
hot  he  too  small ;  in  fact,  the  mixture  should  only  half  fill  it. 
larger  the  crucible,  the  less  risk  of  loss  of  substance.  As  i 
importance  to  watch  the  progress  of  the  operation,  the  lid  m 
easily  removable  ;  a  concave  cover,  simply  lying  on  the  top,  is 
fore  preferable  to  an  overlapping  lid.  If  the  process  Is  con* 
over  the  spirit  or  simple  gas-lamp,  the  mixed  sodium  and 
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1  carbonates  are  preferalilo  to  Bodium  carbonate,  as  tliey  fuse 
;h  more  readily  tlian  the  latter.  In  heating  over  a  lamp,  the 
lible  should  always  be  supported  on  a  triangle  of  platinum  wire, 
1  the  opening  just  sufficiently  wide  to  allow  the  cniciijle  to 
J  into  it  fully  one  third,  yet  to  retain  it  firmly,  even  with  the 
i  at  an  intense  red  heat.  When  conducting  the  process  over  a 
it-lamp  with  double  draught,  or  over  a  simple  gas-lamp,  it  is 
advisable,  towards  the  end  of  the  operation,  when  the  heat  is 
ic  raised  to  the  highest  degree,  to  pnt  a  chimney  over  the  cnici- 
with  the  lower  border  resting  on  the  ends  of  the  iron  triangle 
ch  supports  the  platinum  triangle ;  this  eliimney  should  be 
iit  12  or  14  cm.  high,  and  the  upper  opening  measure  about  4 
in  diameter.  The  little  clay  chimneys  recommended  by  O.  L. 
(MANN  are  still  more  serviceable  (fig.  21,  p.  34,  "  Qual.  Anal."), 
en  the  fusion  is  ended,  the  red-hot  crucible  is  removed  with 
5s,  and  placed  on  a  cold,  thick,  clean  iron  plate,  on  which  it 
rapidly  cool ;  it  is  then  generally  easy  to  detach  the  fused  cake 
>ne  piece. 

The  cake  (or  tlie  crucible  with  its  contents)  is  put  into  a  beaker, 
a  10  to  15  times  the  quantity  of  water  poured  over  it,  and  heat 
lied  for  half  an  hour,  then  hydrochloric  acid  is  gradually  added, 
under  certain  circumstances,  nitric  acid ;  the  beaker  is  kept 
Bred  with  a  glaas  plate,  or,  which  is  mach  better,  with  a  large 
ch-glass  or  porcelain  dish,  perfectly  clean  outside,  to  prevent 
loss  of  the  drops  of  fluid  which  the  escaping  cai-bonic  acid  ear- 
along  witli  it ;  tlie  drops  thus  intercepted  by  the  cover  are 
rwarda  rinsed  into  the  beaker.  The  crucible  is  also  rinsed  with 
er  mixed  with  dilute  acid,  and  the  solution  obtained  added  to 
fluid  in  the  beaker. 

The  solution  is  promoted  by  the  application  of  a  gentle  lieat, 
ch  is  continued  for  some  time  after  this  is  effected  toinsurethe 
iplete  expulsion  of  the  carbonic  acid  ;  since  otherwise  some  loss 
ubstance  mtglit  be  incurred,  in  the  subsequent  process  of  evapo- 
m,  by  spirting  caused  by  the  escape  of  that  gas.  If  in  the  pro- 
of treating  the  fused  mass  with  hydrochloric  aeid,  a  saline 
'der  Bubaidea  (sodium  or  potassium  chloride),  this  is  a  sign  tliat 
■e  water  is  required. 

If  the  decomposition  of  the  mineral  has  succeeded  to  the  full 
int,  the  hydrochloric  acid  solution  is  either  perfectly  clear,  or 
t  flakes  of  silicic  acid  only  float  in  it.     But  if  a  heavy  powder 


by  Google 


SU  DUrTEBHINATIOK.  [ 

ubsides,  which  feels  gritty  tiiider  tlie  glass  rod,  this  eaaa 
in  decomposed  mineral.  The  canse  of  snch  imperfect  decoi 
ion  is  generally  to  be  ascribed  to  imperfect  pQlrerizatioi 
iich  cases  the  nndecomposed  portion  may  be  fused  once  mor 
ilkali  carbonate  ;  the  better  way,  however,  is  to  repeat  the  f 
fith  a  fresh  portion  of  mineral  more  finely  palverized. 

The  hydrochloric  or  nitric  acid  solution  obtained  is  p 
ogether  with  the  precipitate  of  silicic  acid,  which  is  nsnally  fl 
II  it,  into  a  porcelain  or,  better,  into  a  platinum  dish,  and  t 
18  directed  in  II,,  a.  Tliat  tlie  fluid  may  not  be  too  much  d 
he  beaker  should  be  rinsed  only  once,  or  not  at  all,  and  tb 
'eniaiuing  drops  of  solntion  dried  in  it ;  the  trifling  reeidni 
>btained  is  treated  in  the  same  way  as  the  residue  left  in  the  ■ 
■ating  l>asin.  This  is  the  method  most  commonly  emploj 
^ect  the  decomposition  of  silicates  that  are  undecomposal 
icids ;  that  it  cannot  be  used  to  determine  alkalies  in  silici 
lelf -evident, 

/3,  Decomposition  by  means  of  ITydrofiuoric  Acid. 

aa.  By  Aqueous  Ilydrofluoric  Acid. 

Tlie  silicate  should  be  finely  pulverized,  dried  at  100"  {ir 
»ses  ignition  is  advisable*).  It  is  mixed,  in  a  platinum  disli 
ratlier  concentrated,  slightly  fuming  hydrofinoric  acid,  th 
lieing  added  gradually,  and  the  mixture  stirred  with  a  thiol 
num  wire.  The  mixture,  which  has  the  consistence  of  a  thin 
is  digested  some  time  on  a  water-bath  at  a  gentle  heat,  and 
wnccntrated  sulphuric  acid,  diluted  with  an  equal  quant 
water,  is  then  added,  drop  by  drop,  in  morethan  sufficent  qii 
to  convert  all  the  basic  metals  present  into  sulphates.  Them 
is  now  evaporated  on  the  water-bath,  during  which  operatic 
K)n  fluoride  gas  and  hydrofluoric  acid  gas  are  continually  vc 
Jig ;  then  it  is  finally  exposed  to  a  stronger  heat  at  some  height 
^he  lamp,  until  the  excess  of  sulphuric  acid  is  almost  com] 
3Xpelled.  The  mass,  when  cold,  is  thoroughly  moistened  wi 
^ntrated  hydrochloric  acid,  and  allowed  to  stand  at  rest  f 
iiour;  water  is  then  added,  and  a  gentle  heat  applied, 
iecomposition  has  fully  succeeded,  the  whole  must  dissolv 
;lear  fluid.     If  an  undissolved  residue  is  left,  the  mixture  is 

*  Maaj  miaerals  are  much  more  readily  decomposed  by  hjilroBuo 
ilao.  if  tbey  are  previously  ignited  in  a  state  of  fine  diTision  (HBRMAin 
HBLSBBBO,  Fb.  Hokr,  Zeitschr.  f.  aaal.  Chcm.  7,  SBl). 
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Bome  time  on  the  water-bath,  then  allowed  to  deposit,  the  clear 
;matant  flnid  decanted  as  far  as  practicable,  the  residne  dried, 

then  treated  again  with  hydrofluoric  acid  and  sulphuric  acid, 
,  lastly,  with  hydrochloric  acid,  which  will  now  efEect  complete 
tion,  provided  the  analyzed  substance  was  very  finely  polver- 
^  and  free  from  barium,  strontium  (and  lead).  The  solution  is 
ed  to  the  first.  The  basic  metals  in  the  solution  (which  con- 
s  them  as  sulphates,  and  contains  also  free  hydrochloric  acid) 
determined  by  the  methods  which  will  be  found  in  Section  V. 
This  method,  which  ia  certainly  one  of  the  best  to  effect  the 
imposition  of  silicates,  was  proposed  by  Bebzei.ids.  It  has 
a  but  little  used  hitherto,  because  we  did  not  know  how  to  pre- 
j  hydrofluoric  acid,  except  with  the  aid  of  a  distilling  appa- 
18  of  platinum,  or,  at  least,  with  a  platinum  head ;  nor  to  keep 
ixcept  in  platinum  vessels.  These  difficulties  can  now  be  con- 
red  as  overcome,  comp,  §  58,  2.  Never  omit  testing  the  acid 
)re  using  it. 

The  hydrofluoric  acid  may  also  be  employed  in  combination 
1  hydrochloric  acid ;  thus  1  gnn,  of  finely  elutriated  felspar, 
ed  with  4U  c.c.  water,  7  c.c  hydrochloric  acid  of  25J-  and  3J  c.c. 
rofluoric  acid,  and  heated  to  near  the  boiling  point,  dissolves 
ipletely  in  three  minutes.     4  c.c.  Bulphuric  acid  arc  then  added, 

barium  sulphate  which  may  separate  is  filtered  off,  and  the 
ate  evaporated  till  no  more  hydrofluoric  acid  escapes  (Al. 

SCHEBLICH*). 

The  execution  of  the  method  requires  the  greatest  possible  care, 
1  the  liquid  and  the  gaseous  hydrofluoric  acid  being  most 
rious  substances.     Tlie  treatment  of  the  silicate  with  the  acid 

the  evaporation  must  be  conducted  in  the  open  air,  otherwise 
windows  and  all  glass  apparatus  will  be  attacked.     As  the  silicic 

is  in  this  method  simply  inferred  from  the  losB,t  a  combination 
1  met)iod  a  is  often  resorted  to. 
li.  By  AmTnonivm  Fluonile. 

Mix  the  very  finely  powdered  substance  in  a  platinum  dish 
I  fonr  times  its  ■weight  of  ammonium  fluoride,  moisten  well 
I   concentrated  sulplmric  acid,  heat  on  tlie  water-bath  till  the 

Journ.  r.  prakt,  Chem.  81,  108. 

The  silicon  escaping  in  tlie  form  of  fluoride  mfty  Bomeltmes  be  determined 
tly.  by  Ihe  method  of  Story  Maskbi.yne  (Zeiiscbr.  f.  anal.  Chem.  9,  880), 
b.  however,  requires  a  platinum  retort  of  peculiar  conBtruction. 
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evolution  of  silicon  fluoride  and  liydrofiuoric  acid  slacken 
more  sulphuric  acid,  heat  again,  finally  soiuewhat  more  st 
till  the  greater  part  of  the  eulphuric  acid  has  escaped,  and  tn 
residue  according  to  aa  (L.  v.  Babo,  J,  Potyka,  R.  Hoffm 
H,  RosEf  first  warms  the  silicate  gently  with  seven  tin 
amount  of  the  fluoride  and  some  water,  then  heats  gradu. 
redness  till  no  more  fumes  escape,  and  finally  treats  with  sni 
acid. 

cc.  By  Fluoride  of  Hydrogen,  and  Potassium,  dx. 

In  silicatea,  which  moi'e  or  less  resist  the  action  of  hydn 
acid,  such  as  zircon  and  heryl,  thd  basic  metals  with  the  ex( 
of  the  alkalies  may  be  determined  by  fusing  with  fliioi 
hydrogen  and  potassium  (Hariqnac,  GibbsJ:),  or  by  mixiu 
3  parts  of  eodinm  fluoride,  adding  12  parts  of  potassium  disi 
to  the  crucible,  and  then  beating  at  first  very  gently,  afte 
more  strongly  till  the  masa  fuses  calmly.  The  residue  is  dii 
in  water  or  hydrochloric  acid  {Clarke§). 

[y.  J)eromposition  by  ignition  with  Calcium  Carhona 
Ammonium  Cldoride.  Peof.  J.  L.  Smith's  Method  for  sep 
alkalies. 

Mi-t  1  p^  of  tlie  pulverized  silicate  with  1  part  of  dry 
nium  chloride,  by  gentle  trituration  in  a  smooth  mortar,  th 
8  parts  of  calcium  carbonate  ("  Qual,  Anal."  p.  87)  and  in! 
mately.  Bring  the  mixture  into  a  platinum  crucible,  rinei 
mortar  with  a  little  calcium  carbonate.  Warm  the  cmcihle 
ally  over  a  email  Bunsen  burner  until  fumes  of  ammonium  i 
longer  appear,  then  heat  with  tlie  flame  of  a  Bunsen  burne 
the  lower  three-fourths  only  of  the  crucible  are  brought  tc 
heat.  Keep  this  temperature  constant  from  40  to  60  n 
The  temperature  desired  is  that  which  siifGcee  to  keep  in  f 
fusion  the  calcium  chloride  formed  by  tlie  reaction  of  aron 
chloride  with  calcium  carbonate.  The  mass,  however,  d( 
become  liquid  since  the  fused  calcium  chloride  is  absorbed 
large  quantity  of  calcium  carbonate  present.  If  the  sili 
fused  by  application  of  too  strong  beat,  disintegration  of  tl 
at  the  end  of  the  operation  with  water  cannot  be  effected, 
over,  too  high  a  temperature  canses  volatilization  of  allia 

■  Zettschr.  f.  uuL  Chem.  0.  808.  f  ^°fX-  Ann*].  108>  9 

}  Zeitschr.  r.  anal.  Cbem.  3,  390.  g  R.  T,  468. 
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es.  Certain  silicates — e.g.,  tliobe  wbicli  contain  mucli  ferrous 
0 — inaj  fuse  when  heated  with  the  above  mixture,  even  if  no 
;her  temperature  is  employed  than  is  necessary  to  effect  decern- 
lition.     If  this  occurs,  it  is  better  to  repeat  the  ignition  with  a 

V  portion  of  the  silicate,  using  8  to  10  parts  of  calcium  carbo- 
e.  The  mass  contracts  in  volume  during  the  ignition,  and  is 
tally  easily  detached  from  the  crucible.  Boil  it  in  a  covered 
-celain  dish,  witli  50-75  c.c.  water,  half  an  liour,  replacing  water 
t  by  evaporation.  Decant  the  solution  from  the  residue  upon  a 
er,  boil  the  residue  a  few  minutes  witli  water,'and  decant  again, 
the  residue  is  now  all  in  a  linely  disintegrated  state,  it  may  be 
)ught  upon  tlie  filter  and  washed.  But  if ,  as  is  often  the  case,  a 
rtion  remaius  cohei'ent  or  in  a  coarsely  granular  state,  it  must  be 
luced  to  a  fine  state  of  division  by  trituration  with  a  porcelain 
agate  pestle  in  the  dish,  and  boiling  with  water  again.     By  a 

V  repetitions  of  the  trituration,  boiling  and  decanting,  allowing 
!  fine  suspended  portion  to  pass  upon  the  filter  each  time,  the 
ole  can  usually  be  transferred  to  the  filter  in  properly  disinte- 
ited  condition  in  course  of  an  hour.  Next  wash  until  a  few  drops 
the  washings  acidified  witli  niti-ic  acid  give  but  a  slight  turbid- 
with  silver  nitrate.     The  filtrate  now  contains  the  alkalies  of 

!  silicate  as  cliloiides  togetlierwith  calcium  chloride  and  hydrox- 
I.  It  is  not  advisable  to  concentrate  this  filtrate  jn  a  glass  vessel, 
ce  it  might  take  an  appreciable  quantity  of  sodium  from  the 
ss.  Precipitate,  therefore,  the  calcium  at  once  with  aiunionium 
bonatej  allow  the  precipitate  to  settle,  and  concentrate  the 
>ernatant  solution  in  a  porcelain  (or  platinum)  dish,  decanting  it 
o  the  latter,  portionwise  if  necessary,  rinsing  finally  the  precipi- 
e  into  the  porcelain  dish.  When  the  whole  is  thus  reduced  to 
tut  30  CO.,  add  a  little  more  ammonium  carbonate  and  ammonia, 
it  and  filter  into  a  platinum  (or  porcelain)  dish,  evaporate  to 
mess  on  a  water-bath,  expel  ammonium  chloride  by  ignition, 
solve  the  residual  alkali  chlorides  in  3  to  5  c,c.  of  water.  A 
le  black  or  dark-brown  fioccnlent  matter  usually  remains  undis- 
ved,  while  the  solution  may  still  contain  traces  of  calcium.  Add 
)  or  three  drops  of  ammonium  carbonate  and  ammonia,  warm 
itly,  and  filter  through  a  very  small  filter  into  a  weighable  plati- 
m  vessel.  Evaporate  to  dryness  on  a  water-bath,  heat  to  in- 
ient  fusion  of  the  alkali  chlorides,  and  after  cooling  weigh. 

'a  method  is  the  most  convenient  of  all  methods 
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for  extracting  alkalies  from  eilicatee,  and 
except  perhaps  in  presence  of  boric  acid 
here  described,  tlie  results  are  snfficicntlj 
If,  however,  the  silicate  is  rich  in  alkalies,  a 
0-2  per  cent  of  the  mineral  is  possible,  h 
in  flack  cases,  a  repetition  of  the  whole  p 
the  residne  left  by  treatment  of  the  ignit 
need  hardly  be  mentioned  that  unless  care 
perfectly  free  from  soda  and  to  avoid  act 
an  amount  of  6od&  may  be  introduced  fro 
O'l  or  0-2  per  cent  of  the  silicate.] 

Second  Group. 

OBLOBIHB — BBOUDIE — IODINE — CtAJ 
§1«. 

1.  Chlobinb; 

I.  Determination. 

Chlorine  maybe  determined  very  accn 
as  well  as  in  the  volumetric  way.* 

a.  Grammetric  Method. — Determinat'. 

Solution  of  silver  nitrate,  mixed  with  s 
in  excess  to  the  solution  of  tlie  chloride,  I 
is  made  to  unite  by  heating  and  agitating 
and  filtration,  dried,  and  ignited.  The  de 
been  given  in  §  115,  1,  a.  Care  must  b 
solution  mixed  with  nitric  acid,  before  ( 
been  added  in  excess.  As  soon  as  the  la 
the  silver  chloride  separates  immediate! 
shaking  or  stirring,  and  the  supernatant 
clear  after  standing  a  short  time  in  a  warn 
tion  of  chlorine  by  means  of  silver  is  there! 
than  that  of  silver  by  means  of  hydrochloi 

h.  Volwmetric  Methods, 

a.  By  Solviion  of  Silver  Nitraii 

In  §  115,  5,  we  have  seen  how  the  silvi 
raated  by  adding  a  standard  solution  of  b< 

'  For  tbe  acldimetrlc  estlmaUoD  of  free  bydn 
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her  predpitatioa  ensnee ;  in  the  same  waj  we  may  determine 
,  by  means  of  a  Btandard  solution  of  silver,  the  amount  of  hjdn>< 
<ric  acid  in  a  fluid,  or  of  chlorine  in  combiuution  with  a  metal. 
ouzB  has  used  thia  method  for  the  deteniiination  of  several 
■lie  weights.  Levol*  proposed  a  modification  which  Bervee  to 
cate  more  readily  the  exact  point  of  complete  precipitation, 
the  fluid,  which  must  be  7ieutral,  he  added  one  tenth  volume 
,  Baturated  solution  of  sodium  phosphate.  When  the  whole  of 
chlorine  has  been  precipitated  by  the  silver,  the  further  add!- 

of  the  solution  of  silver  produces  a  yellow  precipitate  whidi 
i  not  disappear  upon  shaking  the  vessel.  Fb.  Mohb  has  since 
aced,  with  the  most  complete  success,  the  sodinm  phosphate  by 
ifisium  chromate. 

This  convenient  and  accnrste  method  requires  a  perfectly  neu- 
solution  of  silver  nitrate  of  known  value.  The  strength  most 
venient  is,  1  htre  —  1  at.  CI.  I  recommend  the  following 
hod  of  preparation :  Dissolve  18'80  to  18-85  grm.  pure  fused 
er  nitrate  in  1100  cc.  water,  and  filter  the  solution  if  required ; 
Bolntion  is  purposely  made  too  strong  at  first.  Now  weigh  off 
3tly  four  portions  of  pure  sodium  chloride,  each  of  '10  to  '18 
I.,  one  after  another.  The  salt  should  be  moderately  ignited, 
fused,  powdered  roughly  while  still  warm,  and  introduced  into 
nail  dry  tube,  that  can  be  well  closed.  The  weighing  off  is  per- 
ned  by  first  weighing  the  filled  tabe,  then  shaking  oat  into  a 

beaker  the  quantity  required,  weighing  again,  dropping  a 
tnd  portion  into  beaker  No.  2,  weighing  again,  and  so  on. 
h  portion  is  dissolved  in  20  to  30  cc.  water,  and  about  3  drops 
i  cold  saturated  solution  of  pure  normal  potassium  chromate 
ed. 

Fill  a  Mohb's  burette  (in  very  accurate  analysis  an  Ekdhaith*s 
t  should  be  used)  with  the  silver  solution,  and  run  it  slowly, 
2  constant  stirring,  into  the  light  yellow  solntiou  contained  in 
of  the  beakers.  Each  drop  produces,  where  it  falls,  a  red  spot, 
ch  on  stirring  disappears,  owing  to  the  instant  decomposition 
:lie  silver  chromate  with  the  sodium  chloride.  At  last,  how- 
r,  the  shght  red  coloration  remains.  Now  all  chlorine  has  corn- 
id  with  silver,  and  a  little  silver  chromate  has  been  permanently 
ned.    Kead  off  the  burette  and  reckon  how  much  silver  solu- 

*  Jouni.  f,  prakt  Chem.  60.  S84. 
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tion  wonld  have  been  required  for  1  mol. 
5'85  grm.  Suppose  we  have  Qsed  to  'llO  « 
silver  solntion. 

•110 :  5-85::  18-7  :aj;  x  = 

Now,  without  throwing  away  the  conter 
make  a  second  and  third  experiment  in  the ! 
always  taking  notice  to  regard  the  same  shai 
the  end.  The  reealts  of  tliese  are  reckonet 
as  the  first.  Suppose  they  gave  for  5-85 
respectively,  we  take  tlie  mean  of  the  thr 
994'2,  and  we  now  know  that  we  have  only 
C.C.  of  silver  solntion,  and  make  it  up  to  10 
in  order  to  obtain  a  solution  of  the  required 
=  -1  mol.  NaCl.  But  if  9942  requires  5 
5'83.  Hence  we  fill  a  litre-fiask  (previous!; 
a  small  portion  of  the  solution)  up  to  the 
the  solution,  add  5-83  cc.  water,  insert  a  ca 
shake. 

The  solution  must  now  be  correct;  h( 
sure,  we  perform  another  experiment  with 
the  empty  burette  with  the  new  solution,  ill 
test  with  the  portion  of  salt  in  beaker  N< 
silver  solution  must  now,  if  multiplied  by  ■( 
weight  of  the  salt. 

Being  now  in  possession  of  a  standard  sil 
practised  in  exactly  hitting  the  transition  frt 
of  red,  we  are  in  the  position  to  determine  ^ 
in  the  form  of  hydrochloric  acid  or  of  a  meta 
water.  The  fluid  to  be  tested  nmst  be  nenti 
tlie  silver  chromate.  The  solntion  of  the  i 
if  necessary,  rendered  neutral  by  addition  o: 
carbonate  (it  should  be  rather  alkaline  than 
of  the  solution  of  chromate  added,  and  then  i 
till  the  reddish  coloration  is  just  perceptible, 
nsed  has  only  to  Ije  multiplied  by  the  aton 
or  the  mol,  weight  of  ;lie  metallic  chloride  i 
to  give  the  amount  of  these  respectively  pro 

If  the  operator  fenrs  he  line  added  too  mi 
if  the  red  color  is  too  strongly  marked,  he  m: 
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a  of  sodium  chloride  containing  5'85  in  a  litre  (and  therefore 
responding  to  the  silver  solution),  and  then  add  the  silver  drop 
drop  again.  Of  course  in  this  case  1  c.c.  must  be  deducted  from 
:  amoQQt  of  silver  solution  used. 

The  results  are  very  satisfactory.  The  finid  to  be  analyzed 
tnid  be  about  the  same  volume  as  the  solutions  employed  in 
le  silver  solution,  and  also  abont  the  same  strength, 
imall  quantity  of  silver  which  produces  the  colora- 
ind  in  the  same  proportion  to  the  chlorine  present, 
atity  of  silver  solution  is  extremely  small,  varying 

I  *1  C.C.:  the  inaccuracy  hereby  arising  even  in  the 
es  of  chlorine  differing  widely  from  that  ori^nally 
ilizing  the  silver  solution  is  therefore  almost  incon- 
he  amount  of  silver  eolation  necessary  to  impart  the 
ys  remained  the  same,  we  should  have  simply  to 
aunt  in  question  with  all  experiments,  in  order  to 

II  inaccuracy  entirely ,  since,  however,  the  greater 
silver  chloride  the  more  silver  chromate  is  required 
"ation,  this  method  of  proceeding  would  not  increase 
E  the  results. 

'  Solvtion.  of  Silver  NUrate  and  Iodide  of  Starch 
aethod*). 

solution  of  the  chloride,  acidified  with  nitric  acid,  a 
standard  solution  of  silver  nitrate,  warm,  and  filter, 
excess  of  silver  in  the  filtrate  by  means  of  solution 
reh  (see  p.  295),  and  deduct  this  from  the  amount 
n  used.     The  difference  shows  the  quantity  of  silver 
bined  with  the  chlorine;  calculate  from  this  the 
latter.    Results  satisfactory, 
lumetric  methods  of  estimating  chlorine,  the  first 
reference  in  all  ordinary  cases.     Pisani's  method 
lily  suited  for  the  estimation  of  very  minute  quan- 
e,  but  is  not  applicable  when — as  in  nitre  analyses 
ies  of  alkaline  nitrate  are  present  (p.  290). 
paration  of  Cfilorinefrom  the  Metals. 
le  Chlorides. 

nethod  as  in  I.,  a.  The  metals  in  the  filtrate  are 
the  excess  of  the  salt  of  silver  by  the  methods 
taes,  10,  68  ;  Liebtq  and  Eopp's  Jabreeberlclit,  ISSft,  791. 
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which  will  be  found  in  Section  V.  Chlorides  soluble  in  wab 
lUfio  be  completely  decomposed  by  cold  digestiou  with  os 
carbonate  of  silver.  Silver  chloride  is  obtained,  while  the 
combined  with  the  chlorine  is  converted  into  oxide  or  carl 
and  either  remains  in  solution  or  falb  down  with  the  dive: 
ride.  Take  care  thut  no  traces  of  oxide  or  carbonate  of  silvt 
into  the  filtrate. 

Siannoue  chloride,  mercurio  ehloride,  platinic  ehlorid 
chlorides  of  antinumy,  and  the  green  chloride  of  chromium. 
exceptions  from  the  rule. 

a.  From  stannic  chloride,  silver  nitrate  would  preci; 
besides  silver  chloride,  a  comprtttnd  of  stannic  oxide  and 
oxide.  To  precipitate  the  tin,  therefore,  the  solution  is  mixe< 
concentrated  solution  of  ammonium  nitrate,  boiled,  allow 
deposit,  decanted,  fuid  filtered  (compare  §  126,  1,  b\  and  thf 
rine  in  the  filtrate  is  precipitated  with  solution  of  silver.  L 
THAL,  the  inventor  of  this  method,  has  proved  its  accuracy.* 

p.  When  Tuerauric  chloride  is  precipitated  with  soluti 
silver  nitrate,  the  silver  chloride  thrown  down  contains  an  a 
ture  of  mercury.  The  mercary  is,  therefore,  first  precipitat 
hydrogen  salpbide,  and  the  chlorine  in  the  filtrate  determii 
directed  in  §  169. 

y.  The  chlorides  qf  antimony  are  also  decompc^ed  in  the 
ner  described  in  /?.  The  separation  of  basic  salt  upon  th( 
tion  of  water  may  be  avoided  by  addition  of  tartaric  acid, 
antimonious  sulphide  should  be  tested  for  chlorine. 

6.  Solution  of  silver  fails  to  precipitate  the  whole  of  th< 
rine  from  solution  of  the  green  chloride  of  chromium  (Pii 
The  chromium  is,  therefore,  first  precipitated  with  ammon: 
fluid  filtered,  and  the  chlorine  in  the  filtrate  precipitated  ae  u 

e.  From  platinic  chloride  silver  nitrate  throws  down  a 
pound  of  platinous  chloride  and  silver  chloride  (CouAiLLsf). 
may  either  ignite  the  platinic  chloride  in  a  current  of  hyd 
and  pass  the  hydrochloric  acid  produced  into  solution  of 
(Bon6dokff)  ;  or  we  may  evaporate  the  solution  with  sodiui 
bonate,  fuse  the  residne  in  a  platinum  crucible  and  determii 
chloride  iu  the  aqueous  solution  of  the  fusion.  Or,  thirdl 
may  (after  TopsoEif)  digest  the  moderately  dilute  solution  i 

•  Jonm.  t.  prakt.  Cbem.  60,  871.  f  Zellscbr.  f.  aaaL  Chem.  0,  U 

}  Zdlachr.  t  ansL  Chem.  0,  sa 
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.  with  zinc  cUppingB  till  lij'drogeii  ceases  to  escape,  add  amino- 
in  excess,  heat  on  a  water-bath  till  the  fluid  is  full;  decolorized, 
he  platinum  beiu^  precipitated,  and  finally  determine  the  chlo- 

iu  the  filtrate, 
i.  In  Insoluble  Chloride. 

a.  Chlorides  soluble  in  Nitric  Aoid. 
Dissolve  the  chloride  in  nitric  acid,  without  applying  heat,  and 
;eed  as  in  I.,  a. 

p.    Chlorides  insolvble  in  Nitric  Acid  (lead  chloride, 
silver  chloride,  mercurous  chloride). 
Kt.   Lead   chloride    is   decomposed   by  digestion   with   alkali 
rogen  carbonate  and  water.     The  process  is  exactly  the  same 
jr  the  decomposition  of  lead  sulphate  (§  132,  II.,  b,  y3). 
IJ.  Silver  chloride  is  ignited  in  a  porcelain  crucible,  with  3 
8  of  sodium  and  potassium  carbonate,  until  the  mass  coin- 
ces  to  agglutinate.     Upon  treating  with  water,  the  metallic 
iT  is  left  undissolved;  the  solution  contains  the  alkali  chloride, 
;h  is  then  treated  as  in  I.,  a. 
Silver  chloride  may  also  be  readily  decomposed  by  long  diges- 

with  pare  iron  (reduced  by  hydrogen)  and  dilute  sulphuric 
.  Zinc  may  be  used  instead  of  iron,  bnt  it  does  not  answer  so 
.  The  separated  metallic  silver  may  be  washed,  heated  with 
te  sulphuric  acid,  washed  again  and  weighed ;  it  must  after- 
ia  be  ascertained,  however,  whether  it  dissolves  in  nitric  acid. 

chlorine  is  determined  in  the  chloride  of  iron  or  zinc  as  in 

3C.  Mercurous  chloride  is  decomposed  by  digestion  with  solu- 

of  soda  or  potassa.  The  hydrochloric  acid  in  the  filtrate  is 
irmined  as  in  I.,  a.  The  mercurous  oxide  is  dissolved  in  nitnc 
litrohydrochloric  acid,  and  the  mercury  determined  as  directed 

117  or  §  118. 

1.  The  sol'iMe  chlorides  oftite  metals  of  the  fourth,  fifth,  and 
h  groups  may  generally  be  decomposed  also  by  hydrogen  sul- 
le  or  amnionium  sulphide.  The  chlorine  in  the  filtrate  is 
irmined  as  in  §  169.  It  must  not  be  omitted  to  test  the  pre- 
tated  sulphides  for  chlorine.     Several  chlorides,  cadmium  dilo- 

for  instance,  give  sulphides  free  from  chlorine  with  ammonium 
ihide,  bnt  not  with  hydrogen  sulphide. 
i.  In  many  metallic  chlorides,  for  instance  in  those  of  the  first 

second  groups,  the  chlorine  may  be  determined  also  by  evapo- 
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rating  with  Bnlpbnric  acid,  converting  the  metal  thus  int 
phate,  which  is  then  ignited  and  weighed  as  such ;  the  c 
being  calculated  from  the  lose.  This  method  is  not  applic 
the  case  of  silver  chloride  and  lead  chloride,  which  are  onlj 
fectly  and  with  difficulty  decomposed  by  snlphnric  acid ; 
the  case  of  mercuric  chloride  and  stannic  chloride,  which  so 
acid  fails  almost  or  altogetlier  to  decompose. 


§1*2. 

Dbtebuination  op  Cblorimg  ts  the  Fese  State. 

Chlorine  in  the  free  state  maj  be  determined  both  in  tl 
metric  and  in  the  gravimetric  way.  The  volumetric  n 
however,  deserve  the  preference  in  moat  cases.     They  a: 


I  shall  only  here  adduce  that  one  which  is  andonbte 
most  accurate  and  at  the  same  time  the  most  convenient.* 
1.  Volumetric  Method. 
With  Potasttium  Iodide  {after  Bduben). 

Bring  the  chlorine,  in  the  gaseous  form  or  in  aqneons  s 
into  contact  with  an  excess  of  solution  of  potassium  iodide  ii 
Each  at.  chlorine  liberates  1  at.  iodine,  which  remains  disse 
the  excess  of  potassimn  iodide.  By  determining  the  liherato 
by  means  of  sodium  thiosniphate  as  in  §  146,  yon  will  accc 
learn  the  quantity  of  chlorine,  and,  in  fact,  with  the  greatest  a( 
If  you  have  to  determine  the  chlorine  of  chlorine  water,  i 
a  portion  off  witli  a  pipette.  So  as  to  prevent  any  of 
entering  the  month,  connect  the  upper  end  of  the  pipettt 
tube  containing  moist  hydrate  of  potassa  laid  between 
When  the  pipette  has  been  correctly  filled  allow  its  contents 
with  stirring,  into  an  excess  of  solution  of  potassium  iodide  ( 
There  is  no  difficulty  about  knowing  whether  the  latter  is  snfl 
in  excess,  for  if  not,  a  black  precipitate  is  formed.  If  the  i 
is  evolved  in  the  gaseous  condition,  you  may  employ  eit 
apparatus  given  in  §  130,  I.,  d,  yS,  or  the  following,  w 
especially  suitable  where  the  chlorine  is  not  pure,  but  it 
with  other  gases. 

*  Compare  ' '  Clilorlmetry"  in  the  Special  Part 
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I  is  a  little  flask,  from  which  the  chlorine  is  evolved  by  boiling 
substance  with  hydrochloric  acid,  a  small  lump  of  magnesite 
ig  added ;  it  is  connected  with  the  tube,  b,  by  means  of  a  flexilile 
)■  The  latter  must  be  free  from  snlphnr — eliould  it  contain 
bar  it  is  well  boiled  with  dilute  potaeBa  and  then  thoroughly 
Ited.  The  thinner  tube,  c,  which  has  been  fused  to  t)ie  bulb  of  b, 
B  through  the  caoutchouc  stopper  (which  has  been  deprived  of  sul- 
r)  to  the  bulbed  TJ-tnbe,  d.  which  contains  solution  of  potaBeium 
3e,  and  which  for  safety  is  connected  with  the  plain  U-tube,  e,  also 
ium  iodide  solution.    Both  tubes  stand  iu  a  beaker 


Tfg.S4. 

The  apparatus  offers  the  advantages  that  the 
ini,  that  the  potassium  iodide  remains  cold,  and 
on  IB  complete.  After  all  the  chlorine  has  been 
Ig  long  enough,  rinse  d  and  e  out  into  a  beaker  and 
ard  sodium  tbiosulphate  (§  146). 
limetric  Mdhod. 

er  examination,  which  must  be  free  from  sclpha- 
istance,  30  grm.  chlorine  water,  is  mixed  in  a  stop- 
a  slight  excess  of  sodium  tbiosulphate,  say  ■  5  grm., 
ted,  and  the  bottle  kept  for  a  short  time  iu  a 
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warm  place;  after  which  the  odor  of  chlorine  is  foand  t 
gone  off.  The  mixture  ib  then  heated  to  boiling  with  some 
chloric  acid  in  excees,  to  destroy  the  excess  of  Bodinm  thioei; 
filtered,  and  the  sulphui-ic  acid  in  the  filtrate  determined  by 
chloride  (§  132).     1  mol.  sulphuric  acid  corresponds  to  4  at.  c 

(WiCKE*). 

Infiuide  containing,  lesideafree  chlorine,  alao  hydro(MoT 
or  a  metallic  chloride,  the  clilorine  existing  in  a  state  of  comt 
may  be  detennined,  in  presence  of  the  free  chlorine,  in  the 
ing  way : 

A  weighed  portion  of  the  fluid  is  mixed  with  solution  of  s 
ons  acid  in  excess,  after  some  time  nitric  acid  is  added,  and  thei 
siam  chromate  to  destroy  the  excesa  of  sulphurous  acid,  i 
whole  of  the  chlorine  is  precipitated  as  silver  chloride.  The  q 
of  the  free  chlorine  ie  then  determined  in  another  weighed  \ 
by  means  of  potassinm  iodide ;  the  difEerence  gives  the  ami 
combined  chlorine.t 


Having  thus  seen  in  how  simple  itnd  accurate  a  mam 
quantity  of  free  chlorine  may  be  determined  by  BnHSBN'a  n 
it  will  be  readily  understood  that  all  oxides  and  peroxides 
yield  chlorine  when  heated  with  hydrochloric  acid,  may  be  ai 
by  heating  them  with  concentrated  hydrochloric  acid,  with  a 
of  a  small  lump  of  magnesite,  and  determiniiig  the  ami 
chloiine  evolved. 

■     §  143. 
2.  Bboiosie. 
I.  Deter^minaiion, 
a.  Crravimetrie  Methods. 

Ettimaiiwi  as  silver  bromide.  Free  hydrobromic  acic 
solution  free  from  hydrochloric  acid  or  chlorides — is  preci 

*  Annal.  d,  Chem.  u.  Pharm.  99,  M. 

f  If  chlorine  water  ia  mixed  nt  once  with  silver  nitrate,  f  on\j  of  tlie 
isobttJnedassilverchloride:  6Cl  +  3Ag,0  =  6AgCl  + AgClO,  {H.  Bosk, 
aiEN,  Add&I.  d.  Chem.  u.  Pharm.  91,  4S).  If  chlorine  water  ia  mii< 
ammonia  ia  excess,  there  are  formed  at  first  ammonium  chloride  nod  amr 
hypochlorite,  the  latter  then  gradually  decomposes  into  nitrogea  and  amf 
chloride;  however,  a  little  ammoQium  chlorate  is  also  formed  beBidcs(ScHl 
Joum.  f.  prakt  Chem.  84.,  886;  Zeltachrift  f.  antdjL  Chem.  »,  SO). 
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silver  Bolution,  and  tbe  further  process  is  conducted  as  in  the 
J  of  hydrochloric  acid  (g  141).  For  the  properties  of  silver  bro- 
le,  see  §  94,  2.     The  results  are  perfectly  accurate. 

h.  Volumetric  MethocU. 

Like  chlorine  in  hydrocliloric  acid  aad  alkali  chlorides,  bromine 
y  be  estimated  in  the  analogous  compounds  by  staiidard  diver 
ution  (§  141, 1.,  J,  «),  by  solvtum  of  sil/oer  tmd  iodide  of  starch 
141, 1.,  h,  P).  But  these  methods  are  seldom  applicable,  as  they 
mot  be  used  in  the  presence  of  hydrochloric  acid  and  metallic 
orides. 

The  following  methods  mnst  therefore  be  detailed ;  they  are 
lecially  useful  for  the  estimation  of  small  quantities  of  bromine 
solutions  containing  chlorides,  but  in  point  of  accnracy  they 
ve  much  to  be  desired.* 

a.  With  chlorine  waier  and  chloroform  {after  A.  REiMAKNt). 
IB  method  depends  on  the  facts  that  chlorine  when  added  to 
iraides  first  liberates  the  bromine  and  then  combines  with  it,  and 
,t  bromine  colors  chlorofonn  yellow  or  orange,  while  bromine 
oride  merely  communicates  a  yellowish  tinge  to  that  fluid.  The 
tcess  is  as  follows :  Mix  the  liquid  containing  a  bromide  of  an 
all  metal  in  neutral  solution,  in  a  stoppered  bottle  with  a  drop 
pure  chloroform  about  the  size  of  a  hazel-nnt,  theu  add  standard 
orine  water  from  a  burette,  protected  from  the  light  by  being 
rounded  with  black  paper.  On  shaking,  the  chloroform  becomes 
low,  on  further  addition  of  chlorine  watei',  orange,  then  yellow 
lin,  and  lastly — at  the  moment  when  2  at.  chlorine  have  been 
td  for  1  at.  bromine— yeUowish  white  (KBr  +  2C1  =  KOI  + 
CI).  Considerable  practice  and  skill  are  required  before  the 
3rator  can  tell  the  end-reaction.  He  will  be  assisted  by  placing 
!  bottle  on  white  paper  and  comparing  the  color  of  the  chloro- 
m  with  that  of  a  dilute  solution  of  yellow  potassium  chromate 
the  required  color.  The  strength  of  the  chlorine  water  should 
send  on  the  amount  of  the  bromine  to  be  determined.  It  should 
so  adjusted  that  about  100  c.c.  may  be  used.  The  chlorine  water 
standardized  with  potassium  iodide  and  sodium  thiosulphate 
142, 1).  Tlie  method  is  especially  suited  for  the  determination 
small  quantities  of  bromine  in  mother  liquors,  kelp,  &c.  The 
nits  are  approximate:  e.g.,  '0180  instead  of  '018.5 — 055  instead 

*  Compare  %  169.  t  Aonal.  d.  Chem.  u.  Pbaim.  IIB.  140. 
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of  -059— -0112  instead  of  -0100,  &c  If  the  fluid  contiins  < 
sabetances,  it  is — after  being  rendered  alkaline  with  caustic 
evaporated  to  diynesa,  the  residue  ignited  in  a  tHyer  dish,  ex 
with  water,  the  solution  neutralized  exactly  with  hydrochlor 
and  then  tested. 

^.  Heine's  oolorimetric  method.*  The  bromine  is  lil 
bj  means  of  chlorine,  and  taken  up  with  ether ;  the  sob 
compared,  with  respect  to  color,  with  an  ethereal  solution  i 
mine  of  known  strengtli,  and  the  quantity  of  bromine  in 
ascertained.  FsHUNof  obtained  satisfactory  results  by  this  c 
It  will  at  once  be  seen  that  tho  amoant  of  bromine  contu 
the  fluid  to  be  analyzed  must  be  known  in  some  measure 
this  method  can  be  resorted  to.  As  the  brine  examined  by 
iNo  could  contain  at  the  most  '02  grm.  bromine  in  60  gi 
prepared  ten  different  test  fluids,  by  adding  to  ten  several  p 
of  60  grm.  each  of  a  saturated  eolntion  of  common  salt  inci 
quantities  of  potassium  bromide,  containing  respectively  fro 
grm.  to  '020  grm.  bromine.  He  added  an  equal  volume  o 
to  the  test  fluids,  and  then  chlorine  water,  until  there  was  i 
ther  darkening  observed  in  the  eokn*  of  the  ether.  It  being 
highest  importance  to  hit  this  point  exactly,  since  too  little 
as  too  much  chlorine  makes  the  color  appear  lighter,  Fehlu 
pared  three  samples  of  each  test  fluid,  and  then  chose  the  i 
of  them  for  the  comparison.  60  grm.  are  now  taken^ 
mother  liquor  to  be  examined,  the  same  volume  of  ether  ac 
was  added  to  the  test  fluids,  and  then  chlorine  water, 
experiment  ia  repeated  several  times.  Direct  snnlight  m 
avoided,  and  tl^e  operation  conducted  with  proper  expeditio 
my  opinion  it  ia  well  to  replace  the  ether  by  chloroform 
bon  bisulphide.  CAiairrrg  substitnted  sodium  hypochlorite  i 
chlorine  water,  and  removed  the  colored  carbon  bisnlphidf 
time  to  time. 

II,  S^araiion  of  SroTninefrom  the  M^(d», 

The  metallic  bromides  are  analyzed  exactly  like  the  corre 
ing  chlorides  (§  141,  II.,  a  to  d),  the  whole  of  these  methods 

*  Jbuni.  f.  pntfct.  Cbem.  36, 1S4.    Proposed  ta  effect  tbe  determiDi 
bromine  In  mother  liquors.  f  Joarn.  t  prakt.  Chem.  i&,  i 

X  Tbe  best  way  b  to  take  tbem  b;  measure, 
i  ZtUaOa.  t.  aoaL  Chem.  9,  437. 
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slicable  to  bromides  as  well  as  chlorides.  In  the  decompoaition 
bromides  bj  snlphuric  acid  (§  141,  II.,  <^,  porcelain  crncibles 
1st  be  used  instead  of  platinum  ones,  as  the  latter  would  be 
acked  by  the  liberated  bromine.  Some  bromides,  it  must  be 
nembered,  are  not  completely  decomposed  by  sulphuric  acid ; 
'  instance,  mercuric  bromide  is  not.  The  soluble  bromides  may 
converted  into  chlorides  by  evaporation  with  hydrochloric  acid 
i  excess  of  chlorine  water ;  but  this  process  cannot  be  applied 
ere  the  chloride  is  liable  to  be  carried  away  with  the  steam ;  for 
tance,  in  the  case  of  mercuric  bromide. 

§  144. 

DETEKHmATIOK   OF   FsEE    BsOHniB. 

Free  bromine  in  aqueous  solution,  or  evolved  in  the  gaseous 
m,  is  caused  to  act  on  excess  of  solution  of  potassiom  iodide, 
ch  at.  bromine  liberates  1  at.  iodine,  which  is  most  conveniently 
«rmined  by  means  of  sodium  tbiosulphate  (§  146).  As  regards 
!  best  mode  of  bringing  about  the  action  of  the  bromine  on  the 
tassinm  iodide,  compare  §  142, 1. 

The  determination  of  free  bromine  in  presence  of  hydrobromio 
d  or  metallic  bromides  is  effected  in  the  same  manner  as  that  of 
e  chlorine  in  presence  of  hydrochloric  acid  (see  §  142). 

§145. 
3.  loDnsK. 
I.  Determination.* 
a.  Gravimetric  Methods. 

a.  Esi^Tnation  as  silver  iodide.  If  you  hare  hydriodic  acid  in 
ution,  free  from  hydrochloric  and  hydrobromic  acids,  precipitate 
th  silver  nitrate,  and  proceed  exactly  as  with  hydrochloric  acid 
141).  If  the  solotion  is  colored  with  free  iodine,  first  add 
Iphurous  acid  cantiouely  till  the  color  is  removed.  The  particles 
silver  iodide  adhering  to  the  filter  are  not  reduced  on  incinem- 
n,  bat  a  little  of  the  iodide  is  liable  to  volatilize  if  the  heat  is 

*  For  the  mctbodi  lo  be  kdopted  la  tlie  preaenoe  of  bromina'  and  ohlorine;. 
gl60. 
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too  liigh.  Hence  the  filter  should  be  got  as  clean  ae  poeeible, 
t)ie  beat  during  incineration  Bbonid  not  be  andnly  raised.  Foi 
properties  of  silver  iodide,  see  §  94,  3.  The  resnltfi  are  perfi 
accurate. 

^.  Estimation  as  palladioHs  i^ide.  The  following  met 
recommended  first  b;  Laseaione,  is  resorted  to  exclusively  to  e 
the  separation  of  iodine  from  elilorine  and  bromine,  for  whicli 
pose  it  is  extremely  well  adapted.  The  solntion  may  not  cor 
any  alcohol.  Acidify  it  slightly  with  hydrochloric  acid,  and  a 
solution  of  palladioas  chloride,  as  long  as  a  precipitate  forms 
the  mixture  stand  from  24  to  48  honre  in  a  warm  place,  filter 
brownish-black  precipitate  off  on  a  weighed  filter,  wash  with  m 
water,  and  dry  at  100°,  until  the  weight  remains  constant, 
the  properties  of  the  precipitate,  see  §  94,  3.  This  method  j 
very  accurate  results.  Instead  of  simply  drying  the  pallat 
iodide,  and  weighing  it  in  that  form,  you  may  ignite  it  in  a  cui 
of  hydrogen  in  a  crucible  of  porcelain  or  platinum,*  and  ealc 
the  iodine  from  the  residuary  palladium  (H.  Kobe).  Con 
§  122,  1. 

h.  Volumetric  Methods. 

Of.  The  methods  given  for  hydrochloric  acid  by  precipiit 
with  silver  solution  (§  141, 1.,  J,  a),  and  by  aiher  solution 
iodide  of  starch  {§  141, 1.,  ft,  /f),  may  be  used  for  hjdriodic 
and  alkali  iodides ;  the  absence  of  chlorine  and  bromine  beii 
course  presupposed. 

y3.  With  nitrous  add  and  carbon  ddmlphide.  This  exct 
method  has  been  in  frequent  use  in  my  laboratory  for  a  lengt 
time ;  it  may  be  used  for  small  or  large  quantities  of  iodine. 
require : 

aa.  Solution  of  potassium  iodide  of  known  strength.  Mac 
diTing  the  pure  salt  at  180°  (see  p.  121)  and  dissolving  an  ex 
.weighed  quantity  (about  5  grm.)  to  1  litre. 

hb.  Solution  of  sodium  thiosulphate  containing  abont  13  or 
-grm.  of  the  pure  crystallized  salt  in  1  litre. 

ca.  Solution  of  nitrous  acid  in  sulphuric  acid.  Prepare 
passing  nitrous  acid  gas  into  sulphuric  acid  to  saturation. 

dd.  Pure  carbon  disulphide. 

ee.  Solution  of  sodium  hydrogen  carbonate.     Made  by  dit 

-"  This  lubataoce  is  not  injured  b;  the  operation. 
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5  grm.  in  1000  cc.  cold  water  and  adding  1  cc.  of  hydrochloric 
I  to  the  solution. 

Begin  by  standardizing  the  thiosulphate  as  follows :  Take  a 
l-stoppered  bottle  of  abont  400  cc,  capacity,  transfer  to  it  50 
of  the  potaflsinm  iodide  solntion,  add  abont  150  cc.  water,  20 
carbon  disulphide,  Bome  dilnte  snlphnric  acid,  aad  10  drops  of 
eolntion  of  nitrons  acid  in  enlphnric  acid.     Insert  the  stopper 

shake  the  bottle  violently  for  some  time,  allow  to  settle,  and 
!rtaiji  by  adding  a  few  more  drops  of  the  nitrons  acid  that  the 
>le  of  the  iodine  has  been  liberated.  Shake  again,  allow  to 
le,  and  pour  the  eapematant  flaid  as  completely  as  possible 
I  a  flask,  leaving  the  carbon  disnlpbide  in  the  bottle,  add  200 
water  to  the  latter,  shake  well,  ponr  off  the  water  into  the  flask 

repeat  the  washing  till  the  last  water  has  no  acid  reaction.  To 
contents  of  the  flask  add  10  cc.  carbon  disulphide,  shake  well, 
r  off  into  a  second  flask,  wash  the  disclphide  a  little,  and  finally 
Ice  the  contents  of  the  second  flask  again  with  some  fresh  dieul- 
ie,  which  should  now  be  barely  tinged.  Collect  the  disulphide 
u  both  flasks  on  a  filter  moistened  with  water,  wash  it  till  the 
hings  are  no  longer  acid,  place  the  funnel  in  the  bottle  and 
■ce  the  point  of  the  filter  so  that  the  disulphide  from  all  the 
rations  may  be  mixed.  Add  30  cc.  of  the  sodium  hydrogen 
jonate  and  then  the  thiosulphate  from  a  burette,  with  continual 
dug,  till  the  disulphide  has  lost  its  color.  The  number  of  cc. 
thiosulphate  used  will  correspond  to  the  iodine  in  50  cc  of 
i£sinm  iodide  solution. 

The  analysis  is  performed  exactly  as  above.  The  thiosulphate 
aires  to  be  standardized  before  every  fresh  series  of  experi- 
its,  as  it  is  liable  to  slight  alteration.  The  presence  of  chlorides 
no  inflnence  whatever  on  the  results.  In  determining  minnte 
ntities  of  iodine  let  the  solutions  be  ten  times  weaker,  and  use 
Jler  quantities  and  smaller  vessels. 
The  results  are  entirely  concordant  and  exact. 
y.  By  dietUlation  with  ferric  oMariAe  (Ddflos).  When  hydri- 
!  acid  or  a  metallic  iodide  is  heated  in  a  retort  with  solution 
pure  ferric  chloride,  the  whole  of  the  iodine  escapes  with  the 
eons  vapor,  and  ferrous  chloride  is  formed  (Fe,Cl,  +  2HI  = 
iCl,  +  2HC1  +  2l).  The  iodine  passing  over  is  received  in 
ition  of  potassium  iodide  and  determined  by  sodinm  thioenl- 
te,  as  directed  §  146.    In  employing  this  method  it  most  be 
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Ixirae  in  mind  that  the  ferric  chloride 
and  Ditric  add.  It  is  best  to  prepar 
liydrocliloric  acid.  We  miiat  not  foi 
iodine  is  liable  to  act  on  cork  and 
bliould  therefore  be  coastnicted  accord 

6.  II.  Stkuve's  colorimetric  method 
In  thia  method  the  amooDt  of  iodine  i 
color  which  the  separated  iodine  givet 
carbon  disulphide. 

II.  Separation  of  Iodine  frm 

The  metallic  iodides  are  in  genei 
spending  chlorides.  From  iodides  of 
free  alkali  the  iodine  maj  be  precipita 
saturating  tlie  free  alkali  almost  comp 
adding  solution  of  silver  nitrate  in  exo 
strongly  acid  reaction.  If  an  excess 
beginning,  free  iodine  might  separate, 
pletelj  into  silver  iodide  by  eolation 
poands  soluble  in  water  the  iodine  m 
as  palladions  iodide ;  yon  may  also  del 
tion  (decomposing  the  compound  with 
and  the  iodine  in  another  portion  accoi 

Iodine  cannot  be  separated  from  \ 
nitrate,  as  tnsohible  platinum  salts  won 
silver  iodide.  For  this  purpose  H.  T 
lowing  process:  Diesel ve  the  substance 
add  solution  of  sodium  hydrogen  sn 
heat  on  a  water-hath  till  the  color  has  < 
platinum  is  consequently  converted  i 
this  operation  a  white  flocctdent  prec 
sulphite  which  is  difficultly  solnble 
addition  of  sniphnrous  acid.  After  hi 
some  time,  allow  to  cool  completely, 
tion,  which  shonid  not  be  added  in  li 
heat  for  about  an  hour  to  redissolve  th 
down  with  the  iodide,  and  then  filter 
it  is  to  be  preferred  to  add  sulphurous 
and  then,  when  the  fluid  has  been  hei 

•  ZeUachr.  f .  anal.  Cb 


by  Google 


6.]  IODINE.  443 

]<1  an  excesB  of  ammoDia.    In  Uiis  way  the  platinnm  compound 

>t  thrown  down,  and  tlic  silver  sulphite  does  not  separate  after 

iddition  of  silver  solution  till  nitric  acid  is  added,  and  is  imme- 

ily  redissolved  by  the  excess  of  the  same. 

i^or  the  analysis  of  insoluble  iodides,  especially  silver  and  lead 

ies,   mereurous  and   cnprons   iodides,  E.  Meubel*   strongly 

mmends  sodium  thiosnlphate,  in  whidi  these  salts  dissolve. 

Y  little  water  should  be  used,  and  as  small  a  quantity  of  the 

ible.     The  metal  is  precipitated  from  the  solu- 

sulphide  in  the  form  of  snlphide.     Evaporate 

la,  and  heat  the  residue  in  a  platinum  dish  to 

destroy  sodium  thiosnlphate  and  tetrathionate. 

in  water  by  the  aid  of  heat,  and  determine  the 

y.     A  large  quantity  of  ferric  chloride  will  be 

pose  the  sodium  sulphite ;  the  residue  in  the 

i  deep  reddish-brown  color, 

ay  be  decomposed  also  by  fusing  with  sodium 

by  igniting  in  a  current  of  hydrogen,  and  not 

3  or  iron.     Mereurous  iodide  may  be  easily 

illing  with  8  or  10  parts  of  a  mixture  of  1  part 

md  3  parts  quicklime.     For  the    apparatus,  see 

is  filled  with  mi^^esite  (H.  BosEf).     Palladi- 

lecompoeed  by  igniting  in  hydrogen.     Cuprous 

her  iodides  may  be  decomposed  by  boiling  with 

m  carbonate.     Portions  of  metal,  which  may 

le  solution,  may  be  thrown  down  by  ammonium 

lifying  with  acetic  acid,  and  passing  hydrogen 


§146. 

TERUINATION   OF   FbEE   IoDINB. 

on  of  free  iodine  ia  an  operation  of  great  impor- 
ihemistry,  since,  as  Bunben;^  first  pointed  out,  it 
estimation  of  all  those  substances  which,  when 
with  potassium  iodide,  separate  from  the  same 
of  iodine  ie.g.,  chlorine,  bromine,  &c.),  or,  when 

Loal.  Cbem.  9,  208.  f  76.2,1. 

AnnaL  d.  Cbem.  u.  Pliann.  8S,  260. 
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boiled  with  hydrodiloric  acid,  yield  a  definite  quantity  of  cl 
{e.g.,  eliromic  add,  peroxide  of  manganese,  Ac).  By  causi 
chloiine  produced  to  act  on  potasaiiun  iodide,  we  obtain  the  c 
lent  quantity  of  free  iodine. 

Of  the  variouB  methods  which  have  been  proposed  for  ti: 
mation  of  free  iodine,  the  oldest  is  that  of  Schwarz.*  It  is 
upon  tlie  following  reaction:  2Na,S,0,+ 21  =  2NaI  +  Ni 
24'8  gnn.  pure  crystallized  sodium  tbioeulphate  are  dissolve 
litre.  1000  c.c.  of  the  solution  correspond  to  12'685,  i.e.,  t 
iodine.  This  solution  is  added  to  the  solntton  of  the  snbsta 
potassium  iodide  until  the  fluid  appears  bright  yellow,  3  or 
thin  and  very  clear  starch-paste  are  then  added,  which  mas 
duce  blue  coloration,  and  tinally  again  sodium  thiosulphate 
the  blue  fluid  is  decolorized. 

This  method,  though  in  itself  excellent,  is  open  to  this 
tion,  that  it  is  difficult  to  obtain  a  solution  of  absolutely  exact 
by  weighing  off  sodium  thiosulphate,  as  the  salt  is  not  readil 
curable  in  a  perfectly  pure  and  dry  condition,  and  altlion^ 
Bolntioa  does  not  change  rapidly  or  to  any  great  extent,  it  i 
liable  to  gradual  alteration,  especially  under  the  influence  of 

Bunsen's  researches  on  the  volumetric  estimation  of 
cited  above  produced  a  very  important  and  beneficial  effect  c 
whole  domain  of  chemical  analysis.  His  process  depends  o 
fact  that  when  iodine  comes  in  contact  with  an  aqneous  so 
of  sulphurous  acid,  a  decomposition  takes  place  in  accordance 
the  equation  H.SO,  +  H,0  +  31  =  H,SO,  +  2(Hr),  provide 
solution  does  not  contain  more  than  '04  to  '05  per  cent,  of 
(Irons  sulphurous  acid.  If  the  solution  is  more  concent 
another  reaction  also  takes  place  to  u  greater  or  lees  ext 
namely,  II,SO.  +  SHI  =  H.SO,  +  H.O  +  21. 

In  this  method,  a  sohition  of  iodine  in  potassium  iodide 
taining  a  known  quantity  of  free  iodine  is  employed,  and  we 
menee  by  determining  the  relation  between  it  and  a  suffic: 
dilute  solution  of  sulphurons  acid.  In  applying  the  methoi 
iodine  to  be  estimated  is  dissolved  In  potassinm  iodide,  the  t 
ard  sulphurous  acid  is  added  to  decoloration,  then  thin  starch- 
and  finally  standard  iodine  solution  till  the  blue  color  of  iodi 
starch  is  just  visible. 

Nachtrtge,  1858,  S3. 
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We  calculate  now  the  e,c.  of  iodine  solution  whicli  correspoud 
be  BulphurouB  acid  employed,  and  deduct  therefrom  the  c.c.  of 
ne  added  to  destroy  the  excess  of  sulphurous  acid.  The 
Hinder  ^ves  the  number  of  cc.  of  iodine  solution  which 
tain  a  quantity  of  iodine  equal  to  that  in  the  substance  ana- 
id. 

On  account  of  the  rapidity  with  which  solution  of  sulphurous 
changes,  this  method  is  somewhat  inconvenient,  and  has  given 
«  to  the  following,  which  is  now  universally  employed.  It 
ina  the  basis  of  Bunsen's  method,  but  substitutes  sodium  thio- 
ibate  for  snlphnrous  acid,  employing  the  reaction  of  Schwarz's 
hod.  With  F.  Mohe*  I  give  this  "  combined  method "  the 
Terence,  because,  first,  we  are  not  bound  to  a  definite  strength 
be  thiosulphate;  secondly,  the  solution  of  thiosnlphate  H  far  less 
3ted  by  the  oxygen  of  the  air  than  sulphurous  acid;  and  thirdly, 
ioes  nothing  by  evaporation.  FciKBNEBf  even  says,  that  the 
of  thiosnlphate  makes  the  method  more  accurate,  his  experi- 
its  having  shown  that  in  using  Bunsen's  method  the  results 
sr;  if,  on  one  occasion,  we  add  the  sulphurous  acid  to  the 
ne,  and,  on  another,  the  iodine  to  the  sulphurous  acid. 
3.  BEqmsrrES  foe  the  Combined  Method. 
a.  Iodine  solution  of  kmown  strength.  Dissolve  6"2  to  6'3 
I.  iodine  with  the  aid  of  about  9  grm.  potassium  iodide  (free 
Q  iodic  acid)  to  about  1200  cc. 

0.  Solution  of  sodiwn  tkiosul^hate.     Dissolve  12'2  to   12'3 

1.  of  the  pure  and  dry  salt  to  abont  1200  cc. 

y.  Solution  ofpotatsiwn  iodide.  Dissolve  1  part  of  the  salt 
e  from  iodic  acid)  in  about  10  parts  of  water.  The  solution 
;t  be  colorless  and  must  remain  so  immediately  after  the  addi- 
of  dilute  sulphuric  or  hydrochloric  acid  (either  must  be  iron- 

)■ 

S.  Starch  solution.  Stir  the  purest  starch  powder  gradually 
1  about  100  parts  cold  water  and  heat  to  boiling  with  constant 
■ing.  Allow  to  cool  quietly,  and  pour  off  the  fluid  from  any 
osit.  The  solution  should  be  almost  clear  and  free  from  all 
pe.  The  starch  solution  is  best  prepared  fresh  before  each 
3B  of  experiments. 

•  Lebrb.  d.  cbeni.-&iia1;t.  Titrirmetbode.  8  Aufl.  866. 

t  H.  Robe,  Haadb.  d.  bdoI.  Cbcm.  S  Aua.  von  Finkkner,  2,  087. 
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h.    FrELEUINART   DETERMIMATtONS. 

a.  Determination  of  the  relation  between  the  Iodine  &/i 
and  Tkiosvil^hate  Solution. 

Fill  two  burettes  with  the  solutions.  Run  20  cc  of  the 
sulphate  into  a  beaker,  add  some  water  and  3  or  4  ce.  starch 
tion,  then  iidd  the  iodine  till  a  blue  coloration  is  just  producc< 
you  have  added  a  drop  too  much,  run  iu  one  or  two  drops  mo 
the  thioBulphate,  and  then  more  cautiously  the  iodine  Bolu 
After  a  few  minutee  read  off  the  height  of  the  fluid  in  both  bar 
Suppose  we  had  used  20  c.c.  thiosulpbate  to  202  ca.  iodine. 

ft.  H^cact  Determination  of  the  Iodine  in  the  Sohition. 

Tbia  is  done  immediately  before  each  series  of  analvses 
the  aid  of  an  exactly  weighed  quantity  of  pure  and  dry  io 
Experience  has  convinced  me  that  solution  of  iodine  in  potat 
iodide,  even  when  kept  cool  and  in  the  dark,  is  much  moi%  '. 
to  change  than  is  usually  supposed.* 

The  process  is  conducted  in  the  following  manner:  Select 
-watch-glasses,  a,  h,  and  e,  which  fit  each  other;  weigh  h  a 
together  accurately.  Pnt  about  05  grm,  pnre  dry  iodine  (pre 
according  to  §  65,  6)  into  a,  place  it  on  an  iron  plate,  heat  g< 
till  dense  fumes  of  iodine  escape.  Now  cover  it  with  h  and 
late  the  heat  so  that  the  iodine  may  sublime  entirely  or  a 
entirely  into  l.  Next  remove  b  while  still  hot,  and  give  it  a  ^ 
swing  in  the  air  to  remove  the  still  nneondensed  iodine  fume 
any  traces  of  aqneous  vapor,  cover  it  with  c,  allow  to  cool  i 
the  desiceator,  weigh  and  transfer  the  two  watch-glasses  tog 
with  the  weighed  iodine  to  a  capacioos  beaker,  containing  a 
cient  quantity  of  potassium  iodide  solution  to  dissolve  the  wh< 
the  iodine  to  a  clear  finid.  Add  water  and  then  tbiosulphate 
a  burette  till  the  color  is  gone ;  now  add  3  or  4  c.c.  of  starch- 
and  iodine  eolntion  {a,  a)  from  a  second  burette  till  a  bine 
just  appears.  Having  read  off  both  burettes,  the  following  si 
calculation  will  give  you  the  iodine  in  the  solution  a,  a: 

Suppose  we  had  weighed  off  '150  grm.  iodine,  and  used 
c.c  thiosulpbate  and  '3  c.c.  iodine  solution. 

*  I  filled  Severn]  small  well -stoppered  bottlca  with  some  solution  of  iod 
potassium  iodide,  whose  standard  had  been  accurately  determined,  and 
them  in  a  cellar.  Even  in  the  course  of  a  few  weeks  tbe  standard  had  a 
I  now  never  rctyoD  the  strength  of  a  solution  of  iodine,  nnless  I  have  deier 
it  shortly  before. 
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rom  h,  a,  we  know  that  20  cc  tMoenlphate  correspond  to 

3.C.  iodine  solution ;  29*5  cc.  therefore  correspond  to  29-8  cc. 

ow  29-5  cc  thioBulphate  eorroBpond  to  -150  grm.  iodine  -\-  -3 

)dine  solntion. 

at  29'5  cc  thioenlphate  also  correspond  to  29*8  cc  iodine 

on. 

■150  grm.  iodine  -f-  '8  cc  iodine  solution  =  29-8  cc.  iodine 
on. 

■150  grm.  iodine  =  29*5  ca.  iodine  solntion. 
1  cc.  iodine  solution  =  -0050847  grm.  iodine, 
he  experiment  just  described  is  repeated  and  the  mean  of  the 
'esnlts  taken,  provided  they  exhibit  safficient  uniformity. 
,  Dilution  of  the  standard  fluids  to  a  convenient  strength. 
rith  the  aid  of  the  iodine  solution  the  strength  of  which  we 
know  exactly,  and  the  solution  of  sodium  thiogulphate  which 
8  in  a  known  relation  to  the  same,  we  might  make  any  deter- 
tions  of  iodine.     The  calculation,  although  in  principle  ex- 
jly  simple,  is  jet  somewhat  hampered  by  reason  of  the  long  • 
lal  which  expresses  the  quantity  of  iodine  in  1  cc  of  the 
!on.     It  is  therefore  convenient  to  dilute  the  iodine  solution 
at  1  cc  may  exactly  contain  '005  grm.  iodine.     This  is  done 
ling  a  litre  flask  therewith,  and  adding  the  necessary  quantity 
iter ;  in  our  case  1694  cc,  for  5  :  5-0847  : :  1000  :  1016-94.   If 
tre  flask  will  hold  above  the  mark  this  16*94  cc,  it  is  simply 
1,  otherwise  it  is  put  into  the  dry  bottle  destined  to  receive 
odine  solution,  the  iodine  solution  added,  the  whole  shaken 
her,  a  portion  of  the  fluid  returned  to  the  flask,  shaken,  poured 
into  the  bottle,  and  the  whole  shaken  ag^n. 
he  solution  of  thioaulphate  may  now  be  dilated  in  a  corre- 
ling  manner.    In  our  case  we  should  have  had  to  add  27*11 
rater  to  1000  cc,  of  the  solution,  as  will  be  seen  from  the  fol 
ig  consideration : 

)-2  cc  of  the  original  iodine  solution  correspond  to  20  cc  of 
lioeulphate  solution. 

1000  CQ.  correspond  to  9901  cc. 
"ow  these  1000  cc  were  made  up  to  1016-94  by  addition  of 
•;  if  therefore  we  make  up  900*1  cc  of  the  sodium  thiosul- 
I  to  the  same  balk  by  addition  of  water  we  shall  have  equiva- 
lolutions.  Hence,  to  990'1  cc  we  must  add  26-84  cc.  water, 
lOOO  cc  27-11  water. 


by  Google 


448  DETEBHINATION. 

Id  Biich  cases  of  dilntion  I  always  prefer  to  take  exact! 
instead  of  an  uneven  number  of  cc,  as  in  measnring  tl 
errora  and  inaccuracies  may  readily  occur ;  I  have  therefoi 
recommended  tlie  preparation  of  1200  cc.  of  the  fluids, 
after  tlieir  determination  1000  cc.  may  be  sure  to  remain. 

c.  The  AtrruAL  Analysis. 

Weigh  the  iodine  to  be  determined  in  a  glass-stoppered  1 
solve  in  potassium  iodide  solution  as  in  b,  fi,  add  tliiosulphate 
from  the  burette  till  decoloration  is  just  produced,  then  3 
starch  solution,  then  iodine  solution  from  a  second  burette 
ient  bluencsB.  The  substance  contains  the  same  amount  a 
as  the  cc.of  iodine  solution  corresponding  to  the  thiosulpL 
minus  the  cc.  of  the  former  used  to  destroy  the  esees 
latter.  .  Where  the  solutions  are  of  equal  value  and  1  c 
Bponds  to  '005  grm.  iodine,  the  calculation  is  in  the  highes 
simple ;  for  suppose  we  had  used  21  cc  Jfa,S,0,  and  1  ct 
the  quantity  of  iodine  present  is  '100  grm. 

21  —  1  =  20,  and  20  X  "005  =  -100. 

Where  you  are  analyzing  chromic  acid  ot  manganese 
by  boiling  with  hydrochloric  acid,  and  passing  the  chlorine 
into  potassium  iodide,  you  must  allow  the  solution  to  cot 
titrating  with  thiosulphate ;  for  at  a  high  temperature  a  pi 
the  sodium  tetrathionate  produced  is  converted  into  sod 
pbate  by  the  iodine  (Wright*). 

Free  acid  in  the  iodine  solution  to  be  estimated  is  n( 
ous ;  when  such  is  present,  however,  the  excess  of  the  thio 
must  be  titrated  without  delay,  or  the  free  thiosniphurie  t 
be  decomposed  before  the  iodine  is  added. 

d.  Keeping  of  the  Solutions. 

The  iodine  solution  and  the  thiosulphate  solution  are 
glaes-stoppered  bottles  in  a  cool,  dark  place.  But  the 
between  the  two  solutions  must  be  tested  before  each  nt 
of  experiments,  and  the  iodine  in  the  iodine  solution  must 
termined. 

If  a  fluid  contains  free  iodine  in  presence  of  iodine  in  ( 
tion,  determine  the  former  in  one  portion  by  the  combined 
and  the  total  quantity  in  another  portion.     For  this  pur] 

*  Zeitscbr.  f.  anal.  Chem.  9.  489^ 


by  Google 


']  CYANOGEN.  449 

either  (1)  add  sulphurous  acid  to  decoloratioD,  precipitate 
silver  nitrate  (§  145, 1.,  a,  a),  digest  the  precipitate  with  nitric 
to  remove  any  silver  sulphite  which  it  may  contain,  filter,  &c ; 
)  distil  with  ferric  chloride  as  directed,  §  145,  I.,  J,  y. 

§m. 

4,  Ctamogek.* 
I.  DetermiTiation. 
.  Grammetric  EatimOitimi. — If  you  have  free  hydrocyanic  acid 
lution  run  it  into  an  excess  of  solution  of  silver  nitrate,  add  a 

nitric  acid,  allow  to  settle  without  warming,  and  determine 
>recipitated  silver  cyanide  either  by  collecting  on  a  weighed 
,  drying  at  100°  and  weighing  {§  115,  3),  or  by  collecting  on 
iweighed  filter  and  converting  into  metallic  silver.  The  latter 
itioQ  is  performed  by  igniting  the  precipitate  in  a  porcelain 
ble  for  i  hour,  or  till  it  ceases  to  lose  weight  (H.  Rose).  If 
wish  to  determine  in  this  way  the  hydrocyanic  acid  in  bitter 
nd  water  or  cherry  laurel  water,  add  ammonia  after  the  addi- 
of  the  solution  of  silver  nitrate  till  tlie  fitiid  is  strongly  alka- 
(it  is  not  necessary  to  dissolve  all  the  silver  cyanide),  and  at 

acidify  with  nitric  acid.  When  the  precipitate  has  settled, 
.  The  whole  of  the  cyanogen  in  the  fluid  will  have  been  now 
erted  into  silver  cyanide.  (The  cyanogen  was  originally  pree- 
sartly  as  hydrocyanic  acid,  partly  as  ammonium  cyanide,  but 
tipally  as  hydrocyanate  of  benzaldehyd— S.  FELDHAUS.t) 
'eldhacs  recommends  the  following  proportions :  100  grm. 
r  almond  water,  about  1*2  grm.  silver  nitrate,  dissolved  in 
r  and  2  to  3  c.c  ammonia  sp.  gr.  ■%&.  A  portion  of  the  filtrate 
Id  be  tested  to  make  sure  that  it  contains  silver  salt  in  excess, 
ler  portion  should  be  tested  by  making  it  strongly  alkaline 
ammonia,  and  then  acid  again  with  nitric  acid.  If  a  precipi- 
is  formed  in  the  latter  case  it  shows  that  the  whole  of  the 
3cyanate  of  benzaldehyd  was  not  decomposed,  and  the  precipi- 
1  must  be  repeated.  If  you  want  to  measure  off  a  fluid  con- 
1^  hydrocyanic  acid  with  a  pipette,  insert  a  little  tube  with 

Tlth  T^;ard  to  Herapath's  colorimetrlc  method,  which  is  founded  on  Um 
itj  of  the  color  of  a  lolutioa  of  penulphocyanlde  of  iron,  compare  Ctaemj 
Lug.  165S,  394  f  Zoltschr.  f.  anal  Cium.  8,.81. 
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80<]u-liine  between  the  pipette  and  the  flexible  tabe  which 
into  yoiir  month. 

b.  Liebig'b  Volumetric  Method*. — If  hydrocyanic  acid 
with  potassa  to  strong  alkaUne  reaction,  and  a  di]nte  sol 
silver  nitrate  is  tlien  added,  a  permanent  turbidity  of  silver 
— or,  if  a  few  drops  of  solution  of  sodium  chloride  have  bee 
of  silver  chloride — forms  only  after  the  whole  of  the  cya: 
converted  into  double  cyanide  of  silver  and  potaeeinm.  1 
drop  of  solution  of  silver  nitrate  added  in  ex(tee6  produces 
manent  precipitate.  1  at.  silver  consumed  in  the  proce: 
sponds,  therefore,  exactly  to  2  mol.  hydrocyanic  acid  {2KC 
NO,  =  AgCy.KCy  +  KNO,).  A  decinormal  solution  o 
nitrate,  containing  consequently  10-793  grm.  silver  in  t 
should  be  used ;  1  ce.  of  this  solution  corresponds  to  -00 
hydrocyanic  acid.  In  esamining  medicinal  hydrocyanic  a< 
10  grm.  ought  to  be  used,  but  of  bitter  almond  water  a 
grm. ;  if  exactly  5'40S  or  54-08  grm.  are  used,  the  numbe 
of  the  silver  solution,  divided  by  10,  or  by  100,  expresses 
the  percentage  of  hydrocyanic  acid.  Medicinal  hydrocya 
is  suitably  diluted  first  by  adding  from  5  to  8  volumes  o: 
bitter  almond  water  also  is  slightly  diluted ;  if  the  latter  ii 
the  end-reaction  will  not  be  sufficiently  distinct,  and  thegra- 
method  is  to  be  preferred. 

LiEBifi  has  examined  hydrocyanic  acid  of  various  degrees 
tion,  and  has  obtained  results  by  this  method  corresponding 
■with  those  obtained  by  a.  Souchat,!  too,  obtained  result 
identical ;  with  pure  dilute  hydrocyanic  acid,  the  gravimetri 
were  to  the  volumetric  as  100  to  100-5 — 101 ;  with  clear  o 
(ilear  bitter  almond  water  as  100  to  102.  Feldhaus  {I 
obtained  very  neariy  similar  results.  The  slightly  higher 
of  the  volumetric  process  are  to  be  explained  from  the  fat 
small  excess  of  silver  solution  is  necessary  to  produce  i. 
reaction.  The  less  the  amount  of  the  substance  taken  the 
importance  does  this  error  assume.  We  should  also  notice 
the  bitt«r  almond  water,  which  contains  ammoniam  cyanic 
ammonia  is  set  free  which  has  a  solvent  action  on  the  silver  < 
In  this  method  it  does  not  matter  whether  the  hydrocyai 

•  ADDal.  d.  Chem.  n.  Phsrtn.  77,  lOa. 
f  Zeitscbr.  f.  anal.  Chcm.  2.  180. 
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ins  an  admixtnre  of  hydrochloric  acid  or  formic  acid.  A  con- 
ible  excess  of  potassa  nrnet  be  avoided. 

'  itifl  intended  to  determine  potaseinm  cyanide  by  tliis  method, 
ition  of  that  Bait  must  be  prepared  of  known  strength,  and  u 
jred  qoantity  ueed  containing  aboat  '1  grm.  of  the  salt. 
Id  it  contain  potasBium  sulphide,  a  small  quantity  of  freehly 
pitated  lead  carbonate  must  be  first  added,  and  the  solution 
3d  before  proceeding  to  the  determination. 

II.  Separation  of  Cyanogen  from  the  Metah, 

In  Cyanides  of  the  AlkcUi  Metals. 
[ix  the  substance  (if  solid,  without  previous  solution  in  water) 
ezcese  of  silver  nitrate  solution,  then  add  water,  finally  nitric 
in  slight  excess,  allow  to  settle  without  warming,  and  deter- 

the  silver  cyanide  ae  in  I,,  a.  The  basic  metals  are  deter- 
d  in  the  filtrate  after  separating  the  excess  of  silver. 

In  Cyanides  and  dovble  Cyanides,  which  are  com^-etdy 
iposed  by  Silver  Nitrate  and  Nitric  Acid  or  Silver  NUrate 
Ammonia, 

digest  for  some  time  with  a  dilute  solution  of  silver  nitrate, 
Dg  frequently,*  then  add  nitric  acid  in  moderate  excess,  and 
t  at  a  gentle  heat,  till  the  foreign  cyanide  is  fully  dissolved 
the  silver  cyanide  has  become  pure  and  quite  white.  Then 
vater  and  filter.  As  a  precautionary  measure  it  is  well  to  test 
netal  obtained  by  long  ignition  of  the  silver  cyanide,  whether 
free  from  those  metals  which  were  combined  with  the  cyano- 

Tlie  filtrate  is  used  for  estimating  the  basic  metals,  the  silver 
r  first  precipitated  with  hydrochloric  acid.  This  method  affords 
1  exact  analysis  of  the  double  cyanides  of  potassium  with 
;1,  copper,  and  zinc  (H.  Rose). 

r,  WErrnt  recommends  a  solution  of  silver  nitrate  in  ammo- 
or  the  decomposition  of  many  cyanogen  compounds,  such  as 
isium  ferrocyanide,  Prussian  blue,  and  even  potassium  cobalti- 
ide.  He  digests  them  in  sealed  tubes  at  100°  (in  the  case  of 
ssium  cobalticyanide,  150°)  for  4  or  5  hours.     Warm  the  con- 

of  the  tube  gently  in  a  dish,  until  the  crystals  of  ammonio- 
ide  of  silver  are  dissolved,  filter  off  the  separated  metallic 

Double  CTanlde  of  nickel  and  potasdura  yields  bj  this  procesa  a  mixture  of 
cyanide  with  nickel  cyanide.    Like  double  cyvaXAet  are  slmilarlj  decom- 
t  Zeitechr.  f.  anal.  Cbem.  9,  879. 
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oxide,  wash  it  with  ammonia,  dilute,  and  precipitate  tht 
cyanide  by  acidifying  with  nitric  acid.  In  the  filtrate  aepai 
sBver  from  the  alkaliea,  &c.  In  reepect  to  the  ondissolye^ 
it  should  be  noted  that  metallic  silver  is  always  mixed  w 
ferric  oxide. 

e.  In  Mercuric  Cyanide. 

Precipitate  the  aqueone  eolation  with  hydrogen  snlphii 
mercuric  sulphide  may  be  filtered  without  difficulty  if 
ammonia  or  hydrochloric  acid  be  added ;  it  is  determined 
ing  to  §  118,  3.  If  the  compound  is  in  the  solid  condit: 
cyanogen  may  be  determined  in  another  portion  by  ignitii 
cupric  oxide,  the  nitrogen  and  carbonic  acid  being  colled 
separated  (corap.  Organic  Analysis). 

H.  Kobe  and  Fineeheb*  have,  after  much  trouble,  sn 
in  finding  out  a  method  for  determining  cyanogen  with  p 
also  in  solutions  of  mercuric  cyanide.  Mix  the  solution  of  t 
curie  cyanide  with  zinc  nitrate  dissolved  in  ammonia.  T* 
of  mercuric  salt  you  may  add  about  2  parts  of  the  zinc-ealt 
to  the  clear  solution  hydrogen  sulphide  water  gradually  till 
duces  a  perfectly  white  precipitate  of  zinc  sulphide.  The 
tate,  which  is  a  mixture  of  the  mercuric  and  zinc  snlphidec 
well.  After  a  quarter  of  an  hour  filter  it  off  and  wash  wi 
dilnte  ammonia.  The  filtrate  contains  zinc  cyanide  dissc 
ammonia,  together  with  ammonium  nitrate.  It  does  not  i 
hydrocyanic  acid,  and  consequently  no  escape  of  the  latti 
place.  Mix  it  with  silver  nitrate  and  then  add  dilate  sniphi 
in  excess.  The  silver  cyanide  ia  next  washed  a  Httle  by  decs 
then — to  free  it  from  any  zinc  cyanide  simultaneously  prec 
— heated  with  a  solution  of  silver  nitrate,  finally  filtei 
washed,  and  determined  after  I.,  a.  The  precipitated  bt 
may  be  dissolved  in  aqua  regia,  and  the  mercnry  precipi 
merciirous  chloride  according  to  §  118,  2.  The  test-analyi 
mnnicated  by  Robe  yielded  excellent  resnhs. 

d.  In  compounds  decom-posable  hy  Mercuric  Oxide  in 
Way. 

Many  simple  cyanides,  and  also  double  cyanides — boti 
character  of  the  double  cyanide  of  nickel  and  potassium, 
the  ferro-  or  ferricyanides  (not,  however,  cobalticyanidee)— 

*  Zeitschr.  f.  anal.  Clwm.  1.  388. 
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ill  known,  be  completely  decomposed  by  boiling  with  ezcese 
lercuric  oxide  and  water,  all  cyanogen  being  obtained  as  mer- 
:  cyanide  and  the  metak  paseiog  into  oxides. 
t.  EosB  (loo.  oit.)  has  shown  that  Pruaaian  bine,  potassium 
^  and  ferricyanide,  more  particularly,  may  be  readily  analyzed 
is  manner. 

!oil  a  few  minutes  with  water  and  excess  of  mercuric  oxide  till 
ilete  decomposition  is  effected,  add — in  order  to  render  the 
3  hydroxide  and  mercuric  oxide  removable  by  filtration — nitric 
in  small  portions,  till  the  alkaline  reaction  has  nearly  disap- 
id,  filter,  wash  with  hot  water,  dry  the  precipitate,  ignite — 
gnvdnally  raising  the  heat — under  a  hood  (with  a  good 
3;bt),  and  weigh  the  ferric  oxide  remaining.  In  the  filtrate 
yauogen  is  deterroined  according  to  c,  and  any  potassium  that 
be  present  is  determined  in  the  filtrate  from  the  silver  cya- 

DetertmnaUon  of  M^,e^  contmned  in  Oyani^swith  decom- 
'.ion  and  volattUgation.  of  the  Cyanogen. 

If  the  various  means  for  completely  decomposing  compounds 
anogen,  especially  also  the  double  cyanides,  according  to  H. 
;  iloc.  cU.)  three  particularly  are  worthy  of  recommendation — 
concentrated  sulphnric  acid,  mercuric  sulphate,  and  ammo- 
.  chloride.  The  nitrates  seemed  decidedly  less  suitable  on 
int  of  their  too  violent  action. 

.  DECOMPOsmoN  BT  SuLPHDEio  AciD.  All  cyauogen  com- 
ds,  simple  or  double,  are  completely  decomposed  and  con- 
id  into  Bulpbates  or  oxides,  as  the  case  may  be,  if  treated  in  a 
lered  condition  in  a  platinum  dish  or  a  capacious  platinum 
ble  with  a  mixtnre  of  about  3  parts  concentrated  sulphu- 
rid  and  1  part  water,  and  heated  till  almost  all  the  sulphuric 
had  been  expelled.  The  residual  mass  is  then  free  from  cyan- 
It  is  dissolved  in  water,  if  necessary  with  addition  of 
ochloric  acid,  and  the  metals  determined  by  the  usual  methods. 

way  is  not  adapted  for  mercuric  cyanide,  as  a  little  of  the 
1  would  escape  with  the  fumes  of  the  sulphuric  acid, 
f.  DEcoMPosmoN  BT  Meecdric  SrLPnATE.  Of  the  mercuric 
lates,  those  suitable  to  our  present  purpose  are  the  normal  and 
Miaic  (Turpeth  mineral).  The  substance  is  mixed  with  6  parts 
le  latter,  heated  in  a  platinum  crucible  gradually,  and  finally 
itained  for  a  long  time  at  a  red-heat,  till  all  the  mer«nry  has 
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Tolatilizea,  and  the  weight  of  the  cracible  remaiiiB  cone 
alkalies  are  present,  a  little  ammoniam  carbonate  is  addei 
the  final  ignition,  from  time  to  time,  in  order  to  convert 
sulphates  into  normal.  The  residue  may  asnally  be  analyze 
pie  treatment  with  water ;  in  the  case  of  potassium  fern 
for  instance,  the  potassium  sulphate  dissolves,  and  pure  (al 
ferric  oxide  remains  behind.  The  test-aualvses  that  hi 
conunnnicated  yielded  excellent  results. 

y.  DECOMFOsmoN  bt  Ahmontuu  Chlobide.  Mix  the  i 
with  twice  or  thrice  the  amount  of  this  salt,  and  ignite  the 
moderately  in  a  stream  of  hydrogen  (apparatus,  p.  251,  fig. 
From  the  cooled  mass  water  extracts  alkaline  chloride,  i 
reducible  metals  remain  in  the  metallic  state.  The  m 
peculiarly  adapted  for  the  analysis  of  double  cyanide  of  ni 
potassiam  and  cobaltieyanidc  of  potaeeiam,  not  so  for  ii 
pounds,  since  the  iron  obtained  is  not  pure,  bnt  contains  c 

If  one  of  the  methods  described  in  «  b  employed,  the 
and  carbon  (the  cyanogen)  most  be  determined  by  a  con 
if  an  estimation  by  the  loss  is  not  sufficient. 

f.  Determination  of  the  Alkalies,  especially  of  Amm 
Sol/uhle  Ferrocyanidee. 

Mix  the  boiling  solution  with  a  solution  of  cupric  ch] 
moderate  excess,  filter  off  the  precipitated  cupric  ferrocyai 
the  filtrate  from  copper  by  means  of  hydrogen  sulphide,  i 
determine  the  alkalies  (Beindel*). 

g.  Volwmetrio  determination  of  Ferro-  and  Ferricyai 
a.  After  E.  de  Haen,  This  method,  devised  in  my  lal 

is  founded  upon  the  simple  fact  tliat  a  solution  of  potassin 
cyanide  acidified  with  sulphuric  acid  (and  which  may  ace 
be  assumed  to  contain  free  hydroferrocyanio  acid)  is  by 
of  potassium  permanganate  converted  into  the  correepondi 
cyanide.  If  this  conversion  is  effected  in  a  very  dilate  fl 
taining  about  '2  grm.  potassium  ferrocyanide  in  from  10 
CO.,  the  termination  of  the  reaction  is  clearly  and  unmi 
indicated  by  the  change  of  the  originally  pnie  yellow  cole 
fluid  to  reddish-yellow.f 

*  Joura.  I.  prokt  Chem.  66,  454 

t  losteod  of  the  permaDganate  you  may  use  cbromate  of  poUsb. 
tloD  la  added  till  spoia  of  8e«quicbtoride  of  iron  on  a  plate  are  no  long 
blue  OT  green,  but  brownlah.    £.  Mstbk,  Zeitscbr.  I.  anal.  Cbem.  8,  i 
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Tlie  process  requires  two  test-fluids  of  known  strengtli,  viz. : 

1.  A  eolation  of  pare  potansiam  ferrocyanide. 

2.  A  solution  of  potaesiam  permanganate. 

The  former  is  prepared  by  dissolving  20  grm.  perfectly  pure 
d  dry  crystallized  potassium  ferrocyanide  in  water  to  1  litre ; 
ch  cc.  therefore  contains  20  mgrm.  The  laUer  is  diluted  so  that 
mewhat  leas  than  a  burettefol  is  required  for  10  c.c,  of  the  solu- 
>n  of  pota£sinm  ferrocyanide. 

To  determine  the  strength  of  the  potassium  permanganate  solu- 
>ii  in  its  action  upon  the  potassium  ferrocyanide,  measure  off,  by 
ians  of  a  pipette,  10  cc,  of  the  solution  of  potaBsium  ferrocyanide 
mtaining  -2  grm.),  dilute  with  100  to  200  c.c.  water,  acidify  with 
Iphnric  acid,  place  the  glass  on  a  sheet  of  white  paper,  and  allow 
3  permanganate  to  drop  into  the  fluid,  stirring  it  at  the  same 
ne,  until  the  change  from  yellow  to  reddiabr-y&Wov  indicates  that 
B  conrersion  is  complete.*  Repetitions  of  the  experiment  always 
re  very  accurately  corresponding  results.  If  at  any  time  yon 
ve  reason  to  suspect  that  the  pcnnanganate  has  suffered  altera- 
m,  recourse  must  be  had  again  to  this  experiment.  If  after 
idifying  the  potassium  ferrocyanide  with  sulphuric  acid  you  add 
;race  of  ferric  chloride  to  produce  a  bluish-green  color,  tlie  latter 
11  disappear  at  the  end  of  the  reaction,  which  is  thus  rendered 
ry  distinct  (Gnnxf). 

To  determine  the  amount  of  real  potassium  ferrocyanide  con- 
ned in  any  given  sample  of  the  commercial  article,  dissolve  5 
m.  to  250  cc  ;  take  10  cc  of  this  solution,  and  examine  as  just 
-ected.  Suppose,  in  determining  the  strength  of  the  permanga- 
te,  you  have  used  20  cc,  and  yon  find  now  that  19  cc  is  suifi- 
!Dt,  the  simple  rule^f-three  sum, 

20:-2i:19:aj 

11  inform  yon  how  much  pure  potassium  ferrocyanide  '2  grm.  of 

B  analyzed  salt  contains.     And  even  this  small  calculation  may 

dispensed  with,  by  diluting  the  permanganate  so  that  exactly 

c.c.  correspond  to  '2  of  potassium  ferrocyanide,  ae,  in  that  case, 

<  It  you  wish  at  first  for  Bometulditlonal  evidence  bealdea  the  change  of  color, 
1  to  a  drop  of  the  mixture  on  a  plale,  a  drop  of  solution  of  sesqulchloride  of 
n:  if  this  r^ls  to  produce  a  blue  tiat,  the  conver^a  is  accomplished, 
f  Zeitschr.  f.  ansL  Chem.  S,  446. 
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the  nomber  of  half-cc.  consumed  expreseee  directly  the  pert 
of  pnre  ferroeyanido. 

Instead  of  determining  the  strength  of  the  permangai 
means  of  pare  potassium  ferrocyanide,  ■which  ia  nnquesti 
tlie  best  way,  one  of  the  methods  given  in  §  113,  3,  niay 
employed ;  bearing  in  mind,  la  that  case,  that  2  mol.  pot 
ferrocyanide  =  885-52,  2  at,  iron  =  112,  and  1  mol.  oxalic 
126  are  equivalent  in  their  action  upon  solution  of  potassiu. 
manganate. 

The  analysis  of  soluble  ferricyauides  by  this  method  is  e 
by  reducing  them  to  ferrocyanidea,  acidifying,  and  then  proc 
in  the  way  described.  The  reduction  is  effected  as  follows 
the  weighed  ferricyanide  with  a  solution  of  soda  or  poti 
excess,  boil  and  add  concentrated  solution  of  ferrous  si; 
gradually,  and  in  small  portions,  until  the  color  of  tlie  prec 
appears  black,  which  is  a  sign  that  protosesqnioxide  of  in 
precipitated.  Dilute  now  to  900  cc,  mix,  filter,  and  proc 
determine  the  ferrocyanide  in  portions  of  60  or  100  e.c. 
fluid.  As  the  space  occupied  by  the  precipitate  is  not  take 
account  in  this  process,  the  results  are  not  absolutely  accnrat 
difference  is  so  very  ti-ifling,  however,  that  it  may  safely  hi 
garded.  Gintl  {he.  dt.)  suggests  to  put  the  neutral  or  a 
fiuid  in  a  tall  vessel  and  add  a  few  lumps  of  sodium  amal; 
big  as  peas :  in  ten  minutes  tlie  reduction  will  be  effected  ant 
out  the  aid  of  heat. 

Insoluble  ferro-  or  ferricyauides,  decomposable  by  boilin; 
tion  of  potassa  (as  are  most  of  these  compounds),  are  analy: 
boiling  a  weighed  sumple  sufficiently  long  with  an  excess  o 
tion  of  potassa  (adding,  in  the  case  of  ferricyauides,  ferroi 
phate),  and  then  proceeding  as  directed  above. 

A  After  E.  Bohlio.* 

In  the  case  of  a  fluid  containing  potassium  ferrocyanid 
also  Bulphocyanide  (for  instance,  the  red  liquor  of  the  pr 
works),  the  method  given  in  a  cannot  be  employed,  as  the 
8>ilphocyanic  acid  also  reduces  permanganic  acid.  The  foil 
methods-depending  on  the  precipitation  of  the  ferrocyanoge 
solution  of  cupric  sulphate — may  then  be  used ;  it  is  ac 
enough  for  technical  purposes.     Dissolve  10  grm,  pure  cupt 

•  PolytechD.  Notiiblatt,  16,  81. 


by  Google 


Ifl.]  8DLPHDR.  457 

to  to  1  litre,  also  4  grm.  pure  diy  potafleium  feirocyanlde  to  1 
s.  Add  to  50  C.C,  of  the  latter  Bolution  (which  contain  '2  grm. 
lEBinm  feiTocyauide)  copper  solution  from  a  burette  to  complete 
upitatioii  of  the  feirocjanogen.  In  order  to  hit  this  point 
ctly,  from  time  to  time  dip  a  atrip  of  filter-paper  into  the 
vniBh-red  fluid  which  will  imbibe  the  clear  filtrate,  leaving  the 
cipitate  of  copper  ferrocyanide  behind.  At  first  the  moist  Btrips 
>aper,  when  touched  with  ferric  chloride,  become  dark  bine,  the 
3tion  gradually  gets  weaker  and  weaker,  and  iinall;  vanishes 
igether.  We  now  know  the  value  of  the  copper  solution  with 
jrence  to  its  action  on  potassium  ferrocyanide,  and  can,  there- 
i,  by  itB  means  test  solutions  containing  unkno^vu  amounts  of 
rocyanogen.  If  alkali  sulphides  are  present,  they  are  first 
Loved  by  boiling  with  lead  carbonate.  After  filtering  off  the 
1  sulphide,  acidify  with  dilute  sulphuric  acid,  and  then  proceed. 

§148. 

5.    SCLFHUK. 

I.  DetermvnaUon. 
To  determine  hydrogen  snlphide  m  a  miature  ofgaaea  confined 
r  mercury*  it  may  be  absorbed  by  a  ball  made  of  2  parts  precipi- 
td  lead  phosphate  and  3  parts  plaster  of  Paris.  Tlie  mixture  is 
3e  into  a  paste  with  water,  and  pressed  into  a  bullet  mould  in 
ich  the  platinum  wire  is  inserted.  The  mould  should  previously 
oiled.  The  balls  are  dried  at  100°,  saturated  with  concentrated 
)Bphoric  acid,  and  are  then  ready  for  use  (Lcuwiof). 
To  detennine  sulphuretted  hydrogen  diseohjed  in  water  the 
owing  methods  are  in  use : 

a.  The  method  of  determining  hydrogen  sulphide  volumetri- 
y  by  solution  of  iodine,  was  employed  first  by  Dufasquiek  ;  it 
■ery  convenient  and  accurate.  That  chemist  used  alcoholic  solu- 
1  of  iodine.  But  as  the  action  of  the  iodine  upon  the  alcohol 
irs  the  composition  of  this  solution  somewhat  rapidly,  it  is  bet- 
to  nse  a  solution  of  iodine  in  potassium  iodide.  The  decom- 
ition  is  as  follows : 

H,S  +  21  =  2HI  +  S 

'  When  tbts  gas  remaiDs  long  in  contact  nitta  mercurr,  sulphide  of  mercury 
ible  to  be  foimed.  f  Aonal.  d.  Chem.  u.  Pbann.  163,  5CL 
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2  at.  I  =  253-70  correepond,  therefore,  to  1  moL  H^ 
However,  this  exact  decomposition  can  be  i-elied  upon  w 
taint;  only  if  the  amoant  of  hydrogen  enlphide  in  the  flu 
not  exceed  -Oi  per  cent.  (Bunsem).  Fluids  containiog  a  larf 
portion  of  hydrogen  sulphide  must  therefore  first  be  dilntec 
required  degree  with  boiled  water  eooled  oat  of  the  coDtacI 

The  iodine  solution  of  §  146  may  be  UBcd  for  the  estinw 
larger  qnantities  of  hydrc^n  snlphido;  for  weak  aolutio 
Bnlphnretted  mineral  water,  it  lb  advi&able  to  dilute  the  iodii 
tioa  5  times,  so  that  1  c.c,  may  contain  '001  grm.  iodine. 

The  process  is  conducted  as  follows : 

Heasure  or  weigh  a  certain  quantity  of  the  sulphuretted 
dilate,  if  required,  in  the  manner  directed,  add  eome  thin 
paste,  and  then  solution  of  iodine,  with  constant  shakinf; 
ring,  until  the  permanent  blue  color  begins  to  appear.  Th< 
of  this  experiment  indicates  approximately,  bnt  not  with  ] 
accuracy,  the  relation  between  the  examined  water  and  th( 
BolutioQ.  Suppose  you  have  consumed,  to  220  c.c  of  the 
retted  water,  12  c.e.  of  a  solution  of  iodine  contuning  ' 
gnn.  iodine  in  the  c.c*  Introduce  now  into  a  flask  nei 
quantity  of  iodine  solution  required,  add  the  sulphnrettet 
in  quantity  either  already  determined,  or  to  be  detennii 
weight  or  measure  ;t  then  to  the  colorless  fluid  add  thin 
paste,  and  after  this  iodine  solution  nntil  the  blue  color  jusi 
to  show.  By  this  course  of  proceeding,  you  avoid  the 
hydrogen  sulphide  which  would  otherwise  be  caused  by  evaj 
and  oxidation.  In  my  analysis  of  the  Weilbaeh  water,  25f 
the  water  required,  in  my  second  experiment,  16'26  c.c.  of 
solution,  which,  calculated  to  the  quantity  of  Bulphurette< 
used  in  the  first  experiment,  viz.,  220  cc,  makes  13-9  cc. 
c.c.  more.  But  even  now  the  experiment  cannot  yet  be  cor 
quite  conclusive,  when  made  with  a  solution  of  iodine  so  di 
being  still  necessary  to  ascertain  how  mnch  iodine  eolation  is  r 
to  impart  the  same  blue  tint  to  the  same  quantity  of  ordinar 
mixed  with  starch-paste,  of  the  same  temperature,^  and  ai 
as  possible  in  the  same  condition  §  as  the  analyzed  snlpb 

*  The  numbers  here  Blaled  are  those  which  I  obtsioed  in  Uie  analji 
Weilbaeh  nater.  f  Compare  BxperimeDt  No.  82 

t  ADDal.  d.  Chem.  u.  Pharm.  103, 186. 
g  la  this  coDaection  I  vould  recommend,  in  cases  where  the  sulf 
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rater,  and  to  dedact  tliis  from  the  quantity  of  iodine  eolution  used 
a  the  second  experiment.  Thus  in  the  case  mentioned,  I  had  to 
educt  "5  c.c.  from  the  16'26  c,c.  used.  If  the  instructions  here 
■iven  are  strictly  followed,  this  method  gives  very  accurate  regultg. 

b.  Mix  the  sulphuretted  fluid  with  an  excess  of  solution  of 
odium  arsenite,  add  hydrochloric  acid,  allow  to  deposit,  aud  deter- 
nine  the  arsenions  sulphide  as  directed  §  127,  4.  The  results  are 
ecnrate  unless  the  solution  is  very  dilute,  in  wMcb  case  the  slight 
olubility  of  arsenions  sulphide  occasions  loss. 

c.  If  the  hydrogen  sulphide  is  evolved  in  the  gaseous  state,  and 
Eirge  quantities  are  to  be  determined,  the  best  way  is  to  conduct  it 
iret  through  several  bulbed  U-tubes  {fig.  64,  p.  435),  containing  an 
Ikaline  solution  of  sodiuni  ariienitc,  then  tlirough  a  tube  connected 
pith  the  exit  of  the  last  U-tube,  which  contains  pieces  of  glass 
□oistcned  with  solution  of  soda ;  to  mix  the  fluids  afterwards,  and 
troceed  as  in  h.  If,  on  the  other  hand,  we  have  to  determine 
mall  quantities  of  hydrogen  Bulpbide  contained  in  a  large  amount 
>f  air,  etc.,  it  is  well  to  pass  the  gaseous  mixture  in  separate  small 
>nbble8  throngh  a  very  dilute  solution  of  iodine  in  potassium 
odide,  of  known  volume  and  strength,  which  is  contained  in  a  long 
'lass  tube  fixed  in  an  inclined  position  and  protected  against  sun- 
ight.  The  free  iodine  remaining  is  Anally  estimated  by  means 
>f  a  solution  of  sodium  thiosulphate  (§  146) ;  the  difference  gives 
IS  the  quantity  of  iodine  which  has  been  converted  by  hydrogen 
ulphide  into  hydriodic  acid,  and  consequently  corresponds  to  the 
iinount  of  the  hydrogen  sulphide  preseut.  The  volume  of  the 
piseous  mixture  may  be  known  by  measuring  the  water  which  has 
tscaped  from  the  aspirator  used.  The  arrangement  of  the  absoqi- 
ion  tube  is  the  Bame  as  is  figured  in  connection  with  the  Deter- 
iiination  of  Carbonic  Acid  in  Air  (§221).  The  thin  glass  tube  con- 
Incting  the  gas  into  the  absorption  tube,  however,  must  not  be 
>rovided  with  an  india-rubber  elongation. 

From  my  own  experiments*  it  appears  that  snlphuretted 
lydrogeu  whether  in  small  or  large  quantities  may  be  also  estimated 
)y  the  increase  in  weight  of  absorption  tubes.  We  have  only  to 
ake  care  that  the  mixture  of  gases  is  first  thoroughly  dried  by 
lassing  over  calcium  chloride.     To  take  up  the  hydrogen  sulphide 

rster  contaiiu  bicarboDau  of  soda,  trt  odd  to  tbo  ordinarj  water  aa  equal  quan- 
ity  ot  this  salt,  as  iis  presence  has  a  slight  inAueDce  on  Ibe  appearance  of  tlia 

"Zeitachr.  f.  anal,  Cbem.  10,  75. 
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we  nse  U-tnbes,  fire  sixths  filled  with  copper  salphate  on  pi 
one  sixth  at  the  exit  containing  CBlcium  chloride.  To  prep* 
pamice  with  copper  sulphate,  proceed  ae  follows.  Treat  6l 
pumice  in  lumps  the  size  of  peas  in  a  small  porcelain  dish  ' 
hot  concentrated  solution  of  30  or  35  grm.  copper  snlphat 
the  whole  witlt  constant  stirring,  place  the  dish  in  an  air 
bath  of  the  temjierature  of  l.'iO*  to  160°,  and  allow  to  r 
therein  four  hours,  A  tube  containing  14  grm.  of  this  pn 
pumice  will  al)eorb  about  '3  grm.  hydrogen  Bulpbide.  It  i 
always  to  employ  two  such  tul)es.  If  the  prepared  pumice  if 
at  a  lower  temperature  it  takes  up  much  less  of  the  gas,  if  di 
a  higher  temperature  the  gas  is  decomposed  and  sulphurona ; 
formed. 

Finally,  small  quantities  of  hydrogen  sulphide  mixed  with 
gases  may  be  estimated  by  passing  through  bromine  water  an 
verting  into  sulphuric  acid. 

II.  Separatum  and  Determination  of  Sidphw  in  Su^i 

A.    MeTHODB    based    on    THS    CoNTEBSIOK    of    the    8niJ>HD] 

SuLPHOKic  Acm. 
1.  Methods  m  the  Dry  Way. 
a.  Oxidation  by  Alkali  Nitrates  (applicable  to  all  eomj 
of  Bulphm').  If  the  sulphides  do  hot  lose  any  sulphur  on  h< 
mix  the  pulverized  and  weighed  sabstance  with  6  parts  of 
drouB  sodium  carbonate  and  4  of  potaeeium  nitrate,  with  t 
of  a  rounded  glass  rod,  wipe  the  particles  of  the  mixture 
adhere  to  the  rod  carefully  ofF  against  some  sodimn  carbonal 
add  this  to  the  mixture.  Heat  in  a  platinum  or  porcelaiu  oj 
(which,  however,  is  somewhat  affected  by  the  process),  at  a 
ually  increased  temperature  to  fusion  ;*  keep  the  mass  in  tlu 
for  some  time,  then  allow  it  to  cool,  heat  the  residue  with 
filter  tlie  fiuid,  boil  the  residue  with  a  solution  of  pure  aodiii 
bonate,  filter,  ^aeh,  remove  all  nitric  acid  from  the  filtn 
repeated  evaporation  with  pure  hydrochloric  acid,  and  deb 
the  sulphuric  acid  as  directed  in  §  132.  The  metal,  metallic 
or  carbonate,  which  remains  undissolved,  is  determined,  ace 
to  circumstances,  either  by  direct  weighing  or  in  some  othi 
able  way.    In  the  presence  of  lead,  before  filtering,  pass  ci 

*  It  gas  not  free  from  sulphur  is  used  for  beating,  some  Bulpbni  ia  I 
be  abaorbed— Peick,  Jouru.  Chem.  Soc.,  (3)  a,  Dl.  If  a  platinum  cnidbk 
do  not  nuBo  tbc  beat  more  iban  ueccsMtry,  or  Ihc  cnicIUe  wOI  be  attackc 
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d  through  the  solution  of  the  fused  mass,  to  precipitate  liie 
all  quantity  of  tliat  metal  which  has  passed  into  the  alkaline 
ution. 

Should  the  sulphides,  on  the  contrary,  lose  sidphiir  on  heating, 
:  finely  powdered  compound  ih  tuixed  witli  4  part«  sodinm  car- 
late,  8  parts  nitre,  and  3+  parts  pure  and  perfectly  dry  sodium 
oride,  and  the  process  otlierwise  conducted  aa  already  given. 

b.  Oxidation  by  Chl&ritu-  Gas  (after  Bkbzeliub  and  H.  Robk 
>ecially  suitable  for  sulphoealte  of  complicated  composition). 

The  following  apparatus  (fig.  65),  or  one  of  similar  conatmction, 
used ;  corks  sliould  be  used,  nut  india-nihber  stoppers,  and  wher- 
er  tliere  is  an  india-rubber  connection,  the  glafls  tubes  should  be 
«e  to  each  other. 

The  tlask  a  is  completely  filled  with  pieces  of  pyrolusita  (native 
Luganese  dioxide)  of  the  size  of  hazelnuts,  strong  hydrochloric 
d  is  poured  in  till  the  spaces  between  the  pieces  of  pyrolnsite 
;  filled  up  to  half  the  height  of  the  body  of  the  flask.  The 
per  layer  of  pyrolusitc,  wliicli  should  be  rinsed  with  a  little  water 
jiT  pouringin  the  hydrochloric  acid,  serves  to  purify  the  evolved 
lorine  almost  completely  from  hydrochloric  acid.  "When  the 
ipcock  in  one  of  the  tubes  provided  for  conducting  the  clilorine  is 
ised,  the  chlorine  passes  down  into  the  cylinder  b  filled  with 
:her  dilute  soda  solution,  by  which  it  is  completely  absorbed. 
hen  the  stopcock  is  opened  the  chlorine  is  conducted  by  a  tnhe 
the  bottom  of  c  into  a  layer  of  concentrated  sulphuric  acid,  which 
■ves  to  indicate  the  rapidity  of  the  current ;  c  is  moreover  com- 
^tely  filled  with  fragments  of  pumice-stone  moistened  with  con- 
atrated  sulphuric  acid,  for  the  purpose  of  drying  the  chlorine, 
le  tube  with  the  bulb  d  must  be  made  of  glass  which  is  not  too 
dij  fnsible,  and  must  be  adjusted,  not  horizontally,  but  a  little 
;lined,  so  that  heavy  vapors  may  not  pass  back  against  the  slow 
rrent  of  chlorine.  The  danger  that  vapors  may  pass  back  is 
rther  lessened  by  making  the  end  of  the  bulb-tube  at  which 
lorine  enters  no  wider  than  is  neceesary  for  the  introduction  of 
3  substance  by  means  of  a  long,  narrow,  thin  weighing  tube.  The 
rt  of  the  tube  on  the  other  side  of  the  bnlb  should  have  a  greater 
itneter,  since  it  might  otherwise  be  choked  up  by  a  sublimate, 
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espeiiially  if  the  subBtance  contains  mneh  antimony.  It  is  nai 
at  one  point  to  facilitate  STibBequent  fnsion  and  drawing  a; 
Tlie  downward  bent  end  is  fitted  into  the  receiver  e  bj  mea 
cork,  or  a  piece  of  rubber  tubingdrawnover  it.  The  reeeiv 
tains  water  or,  if  antimony  ia  present  in  the  subBtance,  dilute 
chloric  acid  to  which  is  also  added  a  little  tartaric  acid  (fre 
tiulphuric  acid).  The  volume  of  liquid  should  beonljeolai^ 
cause  the  passing  gas  to  bubble  through  it  in  the  narrow  Bp 
each  end  of  the  lower  bulb,  which  should  be  lai^  enough  to  1 


to  30  C.C.  when  thus  charged.  It  is  well  also  to  attach  to  the  re 
a  small  U-tube  charged  with  a  small  volume  of  the  liquid  abei 
in  such  a  manner  as  to  increase  as  little  as  possible  tlie  prespi 
the  interior  of  the  apparatus.  Finally,  a  long,  light  glass  tube  n 
attached  to  the  last  U-tube  for  conducting  tlie  escaping  cb 
into  the  open  air  or  Into  a  flue. 

When  the  subatance  has  been  introduced  into  the  bulb-tub 
the  whole  apparatus  ia  connected,  the  stopcock  is  firet  close 
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QlutioR  of  clilorine  is  prodticed  by  application  of  gentle  Leat. 
I  BOon  as  gas-bubbles  followiog  each  other  in  quick  Biiccession 
pear  in  the  soda  Eolntion,  the  heat  is  withdrawn.  A  conetant 
olution  of  chlorine  will  then  go  on  for  a  long  time  without  f ur- 
sr  application  of  heat.  When  the  gas-bnbbies  are  nearly  cora- 
itely  absorbed  by  the  soda  Bolntton,  the  stopcock  is  opened  so 
de  that  a  slow  crnrent  of  gas  enters  c  and  after  a  while  readies 
;  bnlb  d.  If  the  substance  is  decomposed  at  the  ordinary  tem- 
ratnre  {e.g.,  antimony  sulphide),  care  must  be  taken  to  diminish 
!  rapidity  of  the  chemical  action  and  consequent  elevation  of 
iiperature,  by  partial  closing  of  the  stopcock,  so  that  snlplmr 
loride  may  not  distil  over  into  the  receiver  at  this  stage  of  the 
icesB.  For  if  sulphur  chloride  reaches  the  liquid  in  the  receiver 
lich  is  not  yet  saturated  with  chlorine,  it  is  decomposed  with 
)aration  of  sulphur  which  is  afterwards  not  easily  converted  into 
phuric  acid  by  chlorine.  When  the  action  of  chlorine  ceases  to 
)duce  elevation  of  temperature  or  any  apparent  change  of  the 
istance,  and  the  absorbing  liquid  has  become  charged  with 
orine,  the  current  is  slightly  increased  and  gentle,  very  gradu- 
f  increased  heat  is  applied  to  the  bulb,  which,  however,  is  not 
m  at  the  end  of  the  operation  brought  to  redness.  During  this 
oration  the  flow  of  chlorine  must  not  be  so  rapid  as  to  carry 
ible  fumes  throngh  the  absorbing  apparatus,  and  sulphnr  chloride 
iSt  be  distilled  over  eo  slowly  that  the  absorbing  liquid  remains 
oughont  well  cliarged  with  chlorine.  If  the  latter  precaution 
neglected,  unoxidized  sulphur  will  remain  at  the  close  of  the 
(ration,  which  will  render  the  subsequent  part  of  the  process 
re  troublesome  and  probably  less  accurate.  Eesides  sulphnr 
oride,  the  volatile  metallic  chlorides  distil  over.  The  portion 
the  tube  beyond  the  bulb  may  be  kept  moderately  heated  so  as 
prevent  it  from  being  stopped  up  by  a  sublimate,  especially  at 
1  narrowed  part.  When  by  gradually  increased  temperature  no 
re  volatile  prodncts  arise  from  the  mass  in  the  bulb  and  con- 
ise  in  the  cooler  portion  of  the  tube  beyond  it,  except  perhaps 
ric  chloride  (giving  a  dark  brown  sDblimatc),  the  complete 
inlsion  of  which  need  not  be  awaited,  the  heating  is  extended 
hat  the  sublimate  in  the  tube  is  gradually  driven  as  far  as  prac- 
ible  into  the  receiver,  or  at  least  beyond  the  narrowed  part. 
3  stopcock  is  then  closed  while  the  bnlb  is  still  warm.  When, 
;r  a  few  minntes,  the  liquid  in  the  receiver  has  receded  some- 
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what,  eofteD  the  narrow  part  of  tLbtube  with  the  flame  of  a  B 
burner  aided  by  a  blowpipe  having  a  rather  large  Jet,  and 
same  time  draw  the  tube  asunder. 

The  drawn-ofF  end  of  the  tube  containing  anhjdroos  cltl< 
which  volatilize  on  exposure  to  the  ur,  must  not  be  withi 
from  the  receiver  until  the  chloiidee  are  dissolved  or  have  b; 
standing  absorbed  moisture.  Their  solution  is  easily  effecte 
vided  the  tube  extends  well  down  into  the  receiver  by  inc 
the  latter  so  that  liquid  comes  in  contact  with  the  end  of  the 
The  liquid  then  gradually  rises  in  the  tube,  absorbing  the  ch 
gas  and  dissolving  the  chlorides  in  it;  meantime,  if  necessar 
cork  may  be  slightly  loosened  to  admit  a  little  air  and  prevei 
liquid  from  reaching  it  by  absorption  of  chlorine.  If  one  fi 
effect  a  solution  in  the  manner  above  described,  the  whole  m 
allowed  to  stand  24  hours,  during  which  time  the  chlorides 
tube  absorb  moisture  from  the  liquid  in  the  receiver,  so  th 
tube  can  then  bo  withdrawn  and  the  chlorides  may  be  diEf 
out  with  diluted  hydrochloric  acid  and  added  with  rinsings  < 
tube  to  the  solution  in  the  receiver.  Finally,  if  it  is  intern 
adopt  this  latter  mode  of  proceeding,  the  tube  may  l>e  cut  o_ 
immediately  closed  with  a  cork  instead  of  being  fused  and  i 
off.  The  solution  of  the  dilorides  obtained  from  the  end  ( 
tube,  the  solution  in  the  receiver  and  that  in  the  appended  T 
being  united,  a  very  gentle  heat  is  applied  until  the  free  chlo 
expelled,  and  the  fluid  is  then  allowed  to  stand  until  the  sn 
if  any  is  present,  has  solidified.  The  snlphnr  is  filtered  of 
weighed  Alter,  washed,  dried,  and  weighed.  The  filtrate  is  p 
tated  with  barium  chloride  (§132),  by  which  operation  the  ai 
of  that  portion  of  the  sulphur  is  determined  which  has  bee 
verted  into  sulphuric  acid.  The  fluid  filtered  from  the  barin 
phate  contains,  besides  the  excess  of  barium  chloride  addei 
the  volatile  metallic  chlorides ;  which  latter  are  finally  deter 
in  it  by  the  proper  methods,  which  will  be  found  in  Section 

The  chloride  remaining  in  the  bulb-tube  is  either  at 
weighed  as  such  (silver  chloride,  lead  cliloride),  or  where  t 
impractici^le — as  in  the  case  of  copper,  for  instance,  which  re 
partly  as  cuprous,  partly  as  cupric  chloride — it  is  dissolved  in 
hydrochloric  acid,  nitrohydrochloric  acid,  or  some  other  st 
solvent,  and  the  metal  or  metals  in  the  solution  are  determin 
the  methods  already  described,  or  which  will  be  found  in  8< 
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To  be  enabled  to  aBcertain  tbe  weiglit  of  the  bnlb-tube  coti- 

niog  silver  chloride,  it  is  advisable  to  reduce    tbe  chloride  by 

irogen  gas,  and  then  dissolve  the  metal  iii  nitric  acid. 

In  cases  where  yon  have  only  to  estimate  the  sulphur,  say  in 

M)t&n(«a  r^ntaining  also  sulphuric  acid,  O.  Lindt*  recoinmendit 

chloride   of   sulplmr   and    the  volatile    naetallic 

ire  solution  of  soda,  when  decomposition  immedi- 

producing  sodium  sulphide,  sodium  thiosulphate, 

and  hypochlorite.     When  the  decomposition  is 

ssing  the  clilorine  for  two  hours  through  the  soda, 

»  dryness,  ignite  the  residue  cautiously  to  destroy 

ute,  dissolve  in  water,  and  estimate  the  sulphuric 

§132. 

by  Oxide  of  Mercury  {after  Bdnsem). 
.  which  will  be  found  in  detail,  §  186,  is  particu- 
e  estimation  of  sulphur  in  volatile  compounds,  or 
ich  when  heated  lose  snlphur. 

odainthe  Wet  Way. 

of  the  Sulphur  hy  Acids  yielding  Oxygen,  or  hy 

i  finely  pulverized  sulphide  in  a  small  glass  tube 
d,  and  drop  the  tube  into  a  tolerably  capacious 
li  glass  stopper,  which  contains  red  fuming  nitric 
■ee  from  sulphuric  acidj)  in  more  than  sufficient 
.  the  decomposition  of  the  sulphide.  Immediately 
iped  in  the  tube,  close  the  bottle.  When  the  action, 
petnous  at  first,  has  somewhat  abated,  shake  the 
8  soon  as  tliis  operation  ceases  to  cause  renewed 
'umes  in  the  flask  have  condensed,  take  out  the 
s  with  a  little  nitric  acid  into  the  bottle,  and  then 
ntly. 
e  of  the  Sulphur  has  b&m  oxidized,  the  Fluid  it 

'..  Cbem.  4,  870. 

ead,  barium,  ■trontium,  CBlcium,  tia,  and  antimony,  method 

>hnric  add  In  nitric  or  hydrochloric  acid,  it  is  necesBarj  to 
-bath  nearly  to  dryness  and  take  up  with  water  before  add- 
When  the  add  cannot  be  got  pure,  determine  the  sulpburic 
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perfectly  clear  ;*  Evaporate  witli  some  eodimn  cUoride, 
the  end  adding  pure  hydrochloric  acid  repeatedly,  cooling  I 
each  time  before  adding  the  acid.  Dilate  with  much  wa 
deteriitiDe  tlie  sulphuric  acid  as  directed  §  132.  Make  eare 
precipitate  is  pure ;  if  it  is  not,  purify  it  according  to  §  132.  £ 
the  bases  in  the  filtrate  from  the  excess  of  the  barium  sail 
methods  given  in  Section  V. 

hh.  Undissoloed  Sulphur  jloats  in  the  Fluid  :  Add  po 
chlorate  in  small  portions,  or  strong  hydrochloric  acid,  anc 
some  time  on  a  water-bath.  This  process  will  often  succect 
solving  the  whole  of  the  sulphur.  Should  this  not  be  tlie  c 
the  undissolved  sulphur  appear  of  a  pure  yellow  color,  dthi 
water,  collect  on  a  weighed  filter,  wash  carefully,  dry,  and 
After  weighing,  ignite  the  whole,  or  a  portion  of  it,  to  aj 
whether  it  is  perfectly  pare.  If  a  fixed  residue  remains  (co 
commonly  of  quartz,  gangue,  &c.,  but  possibly  also  of  1( 
phate,  barium  sulphate,  &c.),  deduct  its  weight  from  that 
impure  sulphur.  In  the  filtered  fluid  detennine  the  sulphu 
as  in  aa,  calculiito  tlie  sulphur  in  it,  and  add  the  amount  to 
the  ondissolved  sulphur.  If  the  residue  left  upon  the  igni 
the  undissolved  sulphur  contains  an  insoluble  sulphate,  dec 
this  as  directed  in  §132,  and  add  the  sulphur  found  in  i 
principal  amount. 

In  the  pi-esence  of  bismuth,  the  addition  of  potassium  < 
or  of  hydrochloric  acid,  is  not  advisable, as  chlorine  interfer 
the  determination  of  bismuth. 

>3.  Mix  the  finely  pulverized  metallic  sulphide  in  adr 
by  shaking,  with  powdered  potassium  chlorate  (free  from  su 
acid),  and  add  moderately  concentrated  hydrochloric  acid  ii 
portions.  Cover  the  flask  with  a  watdi-glass,  or  with  an  ii 
8.nall  flask.  After  digestion  in  the  cold  for  some  time,  heat 
finally  on  the  water-bath,  nntil  the  fluid  smells  no  longer  i 
rine.  Proceed  now  as  directed  in  a,  aa,  or  ih,  according 
sulphur  is  completely  dissolved  or  not.  In  the  latter  cise  yo 
of  course  immediately  dilute  and  filter.  The  oxidation  of ! 
phur  may  be  nsually  efl^ected  more  quickly  and  complel 

"  fhis  can  of  course  be  the  ca«e  only  in  absence  of  metals  fonning  i 
salts  with  sulphuric  acid.  If  such  metals  are  present,  proceed  aa  in  4i,  e 
lUat  case  less  easy  to  judge  whether  complete  oiidaUon  of  the  sulphur  i 
attained. 
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Qiiiig  with  nitric  acid  of  1-36  sp.  gr.  on  a  wttter-bath,  and  add- 
potassium  chlorate  in  small  portions.  Compare  Stobeb,*  Peah- 

and  BowDiTCB.f 

K.  Aqua  r^ia  is  also  frequently  used.  J.  Lefob^iI:  recommende 
ixtnte  of  I  part  strong  hydrochloric  acid  and  3  pai-ts  strongest 
ic  acid.  Complete  conversion  of  sulphur  into  sulphuric  acid, 
ever,  is  rarely  effected  by  aqua  regia. 

y.  Bromine  may  also  be  used.  Pyrites  or  blende  is  digested  at 
ntle  heat  with  water,  and  bromine  gradually  added.  If  the  sul- 
les  have  been  prepared  in  the  wet  way,  good  bmmine  water  is 
cient  to  oxidize  them.  P.  Waaoe§  prefers  bromine  to  all  other 
agents,  and  advises  its  purification  by  distillation  in  an  appa- 
s  from  which  all  caoutchouc  connections  are  excluded. 
>.  Oxidation  of  the  Sulphur  hy  Chlorine  in  Alkaline  Solution, 
r  RivoT,  Beudant,  and  Daouin.|  (Suitable  also  for  determining 
sulphur  in  the  crude  article.) 

[leat  the  very  finely  pulverized  sulphide  or  crude  sulphur  for 
ral  hours  with  solution  of  potassa  free  from  sulphuric  acid 
icb  dissolves  free  sulphur,  as  well  as  the  sulphides  of  arsenic 

antimony),  and  then  conduct  chlorine  into  the  fluid.  This 
dily  oxidizes  the  sulphur ;  the  sulphuric  acid  formed  combines 
I  the  potassa  to  sulphate,  which  dissolves  in  the  fluid,  whilst 
metals  converted  into  oxides  remain  undissolved.  Filter,  acid- 
:he  alkaline  filtrate,  and  precipitate  the  sulphuric  acid  by  barium 
ride  (§  132).  Arsenic  and  antimony  pass  into  the  alkaline 
tion  in  the  fonu  of  acids,  but  not  so  lead,  which  is  converted 

binoxide,  and  remains  completely  undissolved.  This  method 
tierefore,  particularly  suitable  in  presence  of  lead  sulphide.  In 
ence  of  iron  sulphide,  potassium  sulphate  is  formed  at  first, 
ferric  hydroxide,  which,  if  the  action  of  the  chlorine  is  allowed 
ontinne,  begins  to  be  converted  into  potassium  ferrate.  As 
I,  therefore,  as  the  fluid  commences  to  acquire  a  red  tint  the 
smission  of  chlorine  must  be  discontinued,  and  the  fluid  gently 
ed  for  a  few  moments  with  powdered  quartz,  to  decompose  the 
ic  acid. 
[t  occasionally  happens,  more  particularly  in  presence  of  sand, 

pyrites,  cupric  oxide,  &c.,  that  the  process  is  attended  with 
etnous  disengagement  of  oxygen,  which  almost  completely  pre- 

Zdtschr.  f.  anal.  Ctaem.  B,  71.  \  lb.  9,  83.  %  lb.  9,  81. 

lb.  10, 3M.       I  CompL  Bend.  188S,  86S  ;  Jouni.  f.  prakL  Ctiem.  61, 184. 
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vents  the  oxidizing  action  of  tlic  chlorine.  However,  this 
may  be  guarded  againet  by  reducing  the  substance  to  the  vt 
powder. 

S.  Methods  Based  on   the   Conversion  of  the  Sllfi 
Hydbooen  SoLPHroE,  OB  A  Metaluc  SuLPHn>E. 

a.  The  determination  of  the  sulphur  in  the  sulphide 
metals  of  the  alkalies  and  alkaline  earths  soluble  iu  watt 
effected — provided  they  are  free  from  exc^s  of  sulphur- 
In  the  absence  of  acids  of  sulphur  you  may  also  convert  tht 
into  sulphuric  acid  by  bromine  water.  The  bases  are  con^ 
estimated  in  a  separate  portion,  which  is  decomposed  by 
tion  with  hydrochloric  or  sulphuric  acid,  or — when  none  b 
metals  are  present — by  ignition  with  5  parts  of  ammonium 
in  a  porcelain  crucible.  If  the  compounds  contain  excess 
phur,  they  should  be  oxidized  either  by  chlorine  in  alkal 
tion  or  treated  according  to  B,  c;  if  they  contain  thiosui 
sulphite,  proceed  according  to  §  168. 

b.  The  sulphur  contained  in  alkaline  fluids  as  monoenl 
hydrosulphate  of  the  sulphide  may  also  he  determined  dii 
volumetric  analysis,  by  means  of  a  standard  ammoniacal 
copper  solution.  In  using  the  former,  mix  the  solntion  wit 
nia,  heat  and  add  the  standard  fluid  till,  on  filtering  off 
portion  and  adding  silver  solution,  a  mere  opalescence  is  ] 
(Lestellk*).  In  using  the  copper  solution,  mix  the  flu 
tested  with  ammonia,  heat  to  50°  or  60°,  and  add  the  stand 
tion,  frequently  shaking  and  boiling  till  no  further  precipi 

■  CuO,  5CuS  is  produced,  and  the  solution  begins  to  be  hi 
sTKAETt).  To  make  a  standard  copper  solution,  1  cc.  • 
shall  equal  .01,  Na,S,  dissolve  9.754  pure  copper  in  40  gr 
acid,  boil,  add  180  to  200  cc  ammonia  and  water  to  1  litr 
methods  are  well  adapted  for  technical  purposes,  for  the  ef 
of  sulphide  in  soda  lies  for  instance.  It  need  hardly  be  ad 
precipitated  silver,  copper,  or  lead  sulphide  (if  you  havi 
solution  of  oxide  of  lead  in  potash)  may  be  estimated  gn 
cally. 

c.  If  all  the  sulphur  can  be  expelled  from  the  substan 
fonn  of  sulphuretted  hydrogen  by  heating  with  hydrochic 
the  sulphide  may  be  heated  in  a  small  flask  with  the  cone 

*  Zeitschr.  f.  atial.  Chem.  3,  M.  t  ^-  <  U*- 
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d  to  complete  decompoeition  and  expulsion  of  the  hydrogen  buI- 
ide— tlie  latter  being  determined  according  to  I.  In  the  case  of 
ysulpliidee,  the  sulphur  separated  in  the  evolution  flask  is  col- 
ted  on  a  filter  dried  at  100",  washed,  dried  first  at  10°,  then  for 
bort  time  at  100°,  and  weighed. 

Third  Group. 
mnuc  Acn>. — chlobic  acid. 


1.  NrrKic  Acid. 

I.  DdxTtnirUUimt. 

Free  nitric  acid  in  a  solution  containing  no  other  acid  is  deter- 
ried  most  simply  in  the  volnraetric  way,  by  neutralizing  with  a 
lite  solution  of  soda  or  ammonia  of  known  strength  (comp,  Spe- 
I  Part,  "  Acidimetry").  The  following  method  also  effects  the 
le  purpose ;  Mix  the  solution  with  baryta-water,  until  the  reac- 
n  is  just  alkaline,  evaporate  slowly  in  the  air,  nearly  to  dryness, 
lite  the  residue  with  water,  filter  the  solution  which  has  ceased 
be  alkaline,  wash  the  barium  carbonate  formed  by  tiie  action  of 
!  carbonic  acid  of  the  atmosphere  upon  the  excess  of  the  baryta- 
ter,  add  the  washings  to  the  filtrate,  and  determine  in  the  fluid 
;  barium  as  directed  in  §  101.  Calculate  for  each  1  at.  barium 
nol.  nitric  acid.  Lastly,  free  nitric  acid  may  also  be  determined 
a  simple  manner  by  supersaturating  with  ammonia,  evaporating 
a  weighed  platinum  disli,  drying  the  residue  at  110°  to  120°, 
1  weighing  the  NH,NO,  {Schaffootsch). 

II.  Separation  of  nitric  airidfrom,  the  basic  radical,  and 

detenninaiion  of  th^-  acid  in  nitrates, 
a.  Methods  baaed  on  the  decompomtion  of  2f Urates  in  the  Dry 

a.  In  anhydrous  metallic  nitrates  which  leave  upon  ignition  a 
tallic  oxide  of  known  and  definite  Composition,  the  nitric  acid 
y  be  determined  by  ignition  and  calculation  from  the  weight  of 
:  residue. 

y?.  In  the  case  of  nitrates,  whose  residue  on  ignition  has  no 
letant  composition,  or  by  whose  ignition  the  crucible  is  much 
acked  (alkali  and  alkali-earth  nitrates),  fuse  the  substance  (which 
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mnBt  be  anhydrous  and  also  free  from  organic  and  otiier  v 
bodies)  with  a  non-volatilo  flux,  and  estimate  the  nitric  acid 
the  loes.  Silicic  acid  is  the  best  flux,  ae  it  may  be  readily  pro 
and  the  execution  is  the  moet  easy  and  the  moet  certain  to  so 
I  shall  deecribo  the  method  in  its  application  to  potaasiunt  or  & 
nitrate. 

Fuse  the  latter  at  a  low  temperature,  pour  out  on  to  a 
porcelain  dish,  powder,  and  dry  again  before  weighing, 
transfer  to  a  platinum  crucible  2  to  3  grm.  powdered  quartz, 
well,  and  weigh  after  cooling.  Add  about  0-5  grm.  of  tl 
prepared  as  above,  mix  well,  and  convince  yourself  by  the  b 
that  nothing  has  been  lost  during  mixing.  The  covered  cr 
is  then  exposed  to  a  low  red  heat  (just  visible  by  day)  for  hi 
hour,  and  weighed  after  cooling  with  the  cover.  The  1< 
weight  represents  the  quantity  of  N,0,.  Sulphates  or  chl 
are  not  decomposed  at  the  given  temperature ;  if  a  higher  hi 
applied,  the  latter  may  volatilize.  The  action  of  reducing 
must  be  avoided.  The  test-analyses,  communicated  by  Rkic 
well  as  those  performed  in  my  own  laboratory ,f  gave  very  sa 
tory  results. 

5.  Method  based  on  tJie  diatiUation  of  Siirio  Aeid. 

All  nitrates  maybe  decomposed  by  distillation  with  mode 
dilute  sulphuric  aeid.  The  nitric  aeid  passing  into  the  re> 
may  then  he  detennincd,  according  to  I.,  volumetrically  or 
metrically.  1  to  2  gnu.  of  the  nitrate  sliotild  be  treated  v 
cooled  mixture  of  1  volume  concentrated  sulphuric  acid  and 
umes  water.  For  1  grm.  nitre  take  5  c.c.  solphuric  acid  ai 
c.c.  water.  Tlie  distillation  may  be  performed  either  with  a 
mometer  at  100°  to  170°  in  a  paraffin  or  sand  bath  (dnration  i 
distillation  for  1  to  2  grm.  nitre,  3  to  4  hours),  or  in  vacito^ 
tiie  use  of  a  water-bath.  The  latter  process  is  the  best.  I 
former,  the  neck  of  the  tubulated  retort  (which  is  drawn  ou 
bent  down)  is  connected  with  a  bulbed  U-tubeJ  containing  a 
ured  quantity  of  standard  soda  or  potassa  solution  (§  192). 
distillation  in  vacuo  may  be  conducted,  without  the  use  of  a 
pump,  according  to  Fr»KEWER,S  as  follows :  Transfer  the  niea 

*  Berg-  uDd  HQtteamSQDbche  Zeitschrirt.  1801,  No.  31 :  Zdtschrifl  f.  i 
Chem.  1,  86.  \  Zeitechr.  f.  aiial.  Cbem.  1, 181. 

t  Tlie  bnlbed  U-tube  will  be  found  figured  g  185. 
I  Zeitscbrift  f.  snaljt.  Cheiu.  1.  800. 
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untitj  of  water  and  concentrated  sulphuric  acid  to  tlie  tabulated 
ort,  aud  the  necessary  qnantity  of  standard  potasaa  or  aoda  eoln- 
n,  diluted  to  30  cc,  to  a  flask  with  a  narrow  neck  of  about  200 
,  capacity.  Then,  by  means  of  an  india-rubber  tube,  connect  the 
ik  with  the  retort  air-tight,  eo  that  the  drawn-out  point  of  the 
ter  may  extend  to  the  body  of  the  flask,  and — with  tnbniure 
;n— heat  the  contents  of  the  retort  and  of  tlie  flask  to  boiling. 
hen  the  air  has  been  expelled  from  the  apparatus  by  long  boil- 
;,  transfer  the  salt  (weighed  in  a  small  tube)  to  the  retort  through 
1  tubulure,  close  the  latter  immediately,  and  at  the  same  time 
:e  away  the  lamp.  The  retort  is  then  heated  with  a  water-bath, 
I  flask  being  kept  cool.  The  quantity  of  nitric  acid  that  has 
ised  over  is  flnally  ascertained  by  determining  the  still  free  alkali 
^h  standard  acid.  If  it  is  suspected  that  all  tlic  nitric  acid  has 
;  been  driven  into  the  receiver  by  one  distillation,  yon  may — by 
iting  the  flask  and  cooling  the  retort — distil  the  water  back  into 
1  latter,  and  then  the  distillation  from  the  retort  may  be  repeated, 
e  distillate  thus  obtained  is  always  free  from  snlpburic  acid, 
ice  the  results  are  very  exact.  The  base  remains  as  sulphate  in 
I  retort.  In  the  presence  of  chloride  add  to  the  contents  of  the 
ort  a  snfficieney  of  dissolved  silver  sulphate,  or — when  much 
oride  is  present — moist  silver  oxide.  The  nitric  acid  is  then 
;ained  entirely  free  from  chlorine. 

c.  Methods  Vaeed  on  the  decomposition  of  titrates  hy  Alka- 
ty  t£c. 

a.  Nitrates  of  metals  which  are  completely  precipitated  by 
ali  hydroxides  or  carbonates — provided  basic  salts  are  not  pre- 
itated  at  the  same  time — may  be  analyzed  by  simple  boiling 
h  an  excess  of  standard  potasea  or  soda  or  their  carbonates, 
ter  cooling,  dilute  to  ^  or  j  litre,  mix,  allow  to  settle,  draw  off  a 
tion  of  the  supernatant  clear  fluid,  determine  the  free  alkali 
laining  in  it,  and  calculate  therefrom  the  amount  which  has 
n  converted  into  nitrate.  Hayes  obtained  with  silver  and  bis- 
th  nitrates  good  results;  but  with  mercurous  nitrate  (using 
inm  carbonate)  the  results  were  not  so  satisfactory.* 
p.  In  nitrates  from  which  the  basic  metals  are  precipitated  by 
inm  or  calcium  hydroxides  or  their  carbonates  (or  by  barium 
shide),  the  nitric  acid  may  b«  estimated  with  great  accuracy  by 

'  H.  Rope,  ZeltKhrift  f  analTt  Chem.  1,  80*. 
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filtering,  after  precipitation  has  boon  efEected,  warm  or  cole 
ing  carbouic  acid  through  tlie  filtrate,  if  necoeearj,  till  : 
barium  is  precipitated,  warming,  filtering,  and  detcrminii 
barium  in  the  filtrate  by  sulphuric  acid.  1  at.  of  the  same 
sponds  to  1  mol,  nitric  anhydride  (N,0,).  [In  case  of  bi: 
Baits,  boil  until  the  separated  oxide  ia  perfectly  yellow,     Pai 

y.  In  many  nitrates  whose  bases  are  precipitable  by  suij 
ted  hydrogen  the  nitric  acid  may  be  determined  according  to 
by  adding  to  the  salt  in  solution  about  its  own  weight  o\ 
neutral  organic  salt,  e.g.,  Kochelle  salt,  and  throwing  do\i 
metal  by  H,S.  The  filtrate  and  washings  are  brought  to  a  d 
bulk,  and  the  free  acid  is  determined  in  aliquot  portions  alki 
rically.* 

d.  Methods  hosed  upon  the  d^composiUon  of  Nitric  A^ 
Ferrous  Chloride. 

Method  of  pELouzEf  and  Frebenius.  The  decompositit 
follows : 

6FeCl,  +  2KN0,  +  811  CI  =  3re.Cl,  +  2KCI  +  4H,0  +  J 

a.  Select  a  tubulated  retort  of  about  200  c.c  capacity, 
long  neck,  and  fix  it  so  that  the  latter  is  inclined  a  little  up 
Introduce  into  the  body  of  the  retort  about  1'5  grm.  fine 
forte  wire,  accurately  weighed,  and  add  about  30  or  40  a 
fuming  hydrochloric  acid.  Conduct  now  through  the  tubul 
means  of  a  glass  tube  reaching  only  about  2  cm.  into  the 
hydrogen  gas  washed  by  solution  of  potassa,  or  pure  carlK>ni 
and  connect  the  neck  of  the  retort  with  a  U-tnbe  containinj 
water.  Place  tlie  body  of  the  retort  on  a  water-bath,  an 
gently  until  the  iron  is  dissolved.  Let  the  contents  of  the 
cool  in  the  current  of  hydrogen  gas  oi-  carbonic  acid ;  increa 
latter,  and  drop  in,  through  the  neck  of  the  retort,  into  the 
a  small  tube  containing  a  weighed  portion  of  the  nitrate 
examination,  which  should  not  contain  more  than  about  0'2ii 
■  of  N,0,.  After  restoring  the  connection  between  the  ne 
the  U-tube,  heat  the  contents  of  the  retort  in  the  water-bs 
about  a  quarter  of  an  hour,  then  remove  the  water-bath,  he; 
the  lamp  to  boiling,  until  the  fluid,  to  which  the  nitric  oxi 
imparted  a  dark  tint,  shows  the  color  of  ferric  chloride,  an 

•Am,  Jour.  8ci.,  xliv.  809.  \  Joum.  f.  prakt.  Qiem.  40,  J 
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le  boiling  for  some  minutes  longer.  Care  mnet  be  taken  to 
B  the  fluid  an  occasional  shake,  to  prevent  the  deposition  of  dry 

on  the  Bides  of  the  retort.  Before  you  discontinue  I»oiling, 
-ease  the  cnrrent  of  hydrogen  or  carbonic  acid  gas,  that  nu  air 
J  enter  throngh  the  U-tube  when  the  lamp  is  removed.     Let 

contents  cool  in  the  cnrrent  of  gas,  dilute  copiously  with  water, 

determine  the  iron  still  present  as  ferrous  chloride  volutnetri- 
y  by  potassium  dichromate — 336  of  iron  converted  by  the 
ic  acid  from  ferrous  to  ferric  chloride  correspond  to  108  (N.O,). 

teet-analysee  of  pure  potassium  nitrate  gave  lOO'l — 100*03^ 
■03,  and  100-05,  instead  of  100.*  [The  iron  remaining  as  ferric 
}ride  may  also  be  determined  by  sodium  thiosulphate.] 

(S,  Scbulze's  Methodf  modified  by  TiEMAUH.t 
The  solution  containing  the  nitrate  is  concentrated  if  necessary 
I  volume  of  about  50  c.c.  and  introduced  into  the  flask  A,  which 
nld  have  a  capacity  of  about  200  c.c.  This  flask  is  provided 
h  a  rubber  stopper,  throngh  which  pass  two  bent  tubes  ab  o  and 
g.  The  first  is  drawn  out  to  a  point  (not  too  small)  at  a,  and 
jects  through  the  stopper  about  2  cm. ;  the  second  terminates 
hout  diminution  of  size  exactly  at  the  lower  surface  of  the 
jper.  These  two  tubes  are  connected  by  rubber  tubes  (bound  with 
sad)  ate  aaAff  with  the  glasstubescrf  and^A.  A  rubber  tube  is 
wn  over  the  lower  end  of  ^  A  to  protect  it  from  fracture.  B  is  a 
»  vessel  containing  10  per  cent,  soda  solution.  A  measuring  tube 
duated  toO'l  c.c.,  of  not  too  great  diameter,  filled  with  previously 
led  soda  solution,  is  supported  so  that  its  open  end  is  under  the 
face  of  the  liquid  in  B. 

The  solution  of  the  nitrate  in  the  flask  is  fnrther  concentrated 
boiling,  and  finally  the  lower  end  of  the  tubeeyt?  A  is  brought 
» the  soda  solution  so  that  a  part  of  the  steam  escapes  through 

After  a  few  minutes  the  rubber  tube  at  g  is  pressed  together 
b  the  fingers;  if  the  air  has  been  completely  displaced  from 
flask  by  boiling,  the  soda  solution  will  rise  suddenly  in  the  tube 
1  a  vacuum,  and  a  slight  blow  against  the  finger  will  be  percep- 
9.     In  this  case,  the  rubber  tube  at  ff  is  closed  with  a  clamp 

the  steam  is  allowed  to  escape  through  abed  until  only  10  cc. 

*  Annal.  d.  Chem.  u.  Pfaftmi.  106,  217. 

\  Zeitschr.  fur  aaal.  Chem.  1870,  400. 

t  Anleitung  mr  Untersuchung  von  Wasser,  von  W.  Eubel,  Zwelta  Auflagv 

F.  Tiemaun,  Braunscbwer;  be]  Fr.  Tieweg  u,  Sotio.  tSTO,  s.  SS. 
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of  fluid  remain  in  the  flask.  The  lamp  is  now  removed 
rubber  tube  at  c  is  closed  with  a  clamp,  and  the  tube  c  d  1 
a.  jet  of  water.  If  an  air  bubble  remains  in  the  rubber  ti 
it  must  be  removed  by  pressure  with  the  lingers.  The  gr 
measuring  tube  is  now  brought  over  tlie  npcurved  end  of 
lotion  tube  e^g  h  so  that  the  end  rises  in  it  2-3  cm.  1 
must  next  be  allowed  to  stand  a  few  minutes  until  a  partial  tj 
produced  in  it,  which  is  manifested  by  a  contraction  of  thi 
tubes  at  c  and  ff.  A  nearly  saturated  solution  of  ferrous 
is  poured  into  a  small  beaker,  the  upper  part  of  which  is 


h 
a 


Fig.  67. 


80  as  to  show  the  space  occupied  by  20  c.c. ;  two  other 

must  also  be  at  hand  partly  filled  with  concentrated  hydrc 
acid.  The  tube  cdia  now  dipped  into  the  ferrous  chloride  s 
and  the  clamp  at  c  is  loosened  until  15-20  c.c  are  drawn  i 
flask.  The  ferrous  chloride  remaining  in  the  tube  is  next  r 
by  drawing  in  a  small  quantity  of  hydrochloric  acid  in  t 
cessive  portions.  Small  bubbles  may  frequently  be  obse 
b,  occasioned  by  evolution  of  hydrochloric  ^as  caused  bj 
ished  pressure  in  the  flask.  They  disappear  almost  compl 
soon  as  the  pressure  rises. 
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Heat  is  applied,  at  first  ver^  gentlj,  until  the  rubber  tubes  at  a 
I  g  are  eliglitlj  expanded ;  tlien  the  rubber  tube  at  g  is  held  com- 
eeed  by  the  fingers,  the  clamp  being  removed,  imtil  the  pressure 
iomes  stronger,  when  the  gas  is  allowed  to  pass  over  to  the  grad- 
ed tube.  Toward  the  end  of  the  operation  heat  is  increased  and 
tillation  continued  nntil  the. volume  of  gas  in  the  measnring 
>e  no  longer  increases.  The  hydrochloric  gas,  abundantly 
)lved  in  the  last  part  of  the  process,  is  absorbed  with  violence 
the  soda  solution  with  a  peculiar  clattering  sound  \  there  is  no 
iger,  however,  of  breaking  the  evolution  tobe  if  care  has  been 
en  to  enclose  the  lower  end  with  a  rubber  tube  as  above  directed. 
The  measuring  tube  is  brought  into  a  large  cylinder  containing 
d  water,  best  of  15-18°  C,  and  by  means  of  some  suitable  fix- 
e  held  wliolly  submei^d  in  the  same.  The  transfer  is  effected 
;h  the  lielp  of  a  small  porcelain  dish  filled  with  soda  solution. 
After  15-20  minntes,  the  temperature  of  the  water  in  the 
inder  is  ascertained  with  a  senBitive  thermometer,  and  the  state 
the  barometer  is  also  observed.  Then  the  tube  is  taken  hold 
at  the  upper  end  with  a  strip  of  paper  or  cloth,  in  order  to  avoid 
parting  lieat  to  it  by  direct  contact  of  the  hand,  and  drawn 
perpendicularly  so  far  that  the  level  of  the  fluids  within  and 
;hout  it  exactly  coincide,  and  the  Tolome  of  the  gas  is  read  ofi. 
rva.  the  data  thus  obtained,  the  volume  which  the  dry  gas  would 
!upy  at  0°  C.  and  760  mm.  bar.  pressure  is  to  be  computed.  (See 
836,  on  Calculation  of  Analyses.)  1  c.c.  N,0,  at  0°  0.  and 
)  mm.  bar.  pressure  corresponds  to  -002413  grra.  N,0,. 
A  condition  indispensable  for  the  success  of  the  operation  is 
'.  complete  expulsion  of  air  from  the  apparatus  in  the  beginning, 
lien  an  abundant  quantity  of  nitric  acid  is  present  in  the  sub- 
ace,  enough  to  produce  about  80  c.c.  nitrogen  dioxide  is  a  suit- 
e  quantity  to  use  for  its  determination,  and  a  somewhat  larger 
intity  of  ferrous  chloride  and  hydrochloric  acid  than  above  indi- 
ed  may  be  used.  An  unnecessary  amount  of  these  reagents  . 
uld,  however,  be  avoided,  since  it  is  difficult  to  boil  a  small  qnan- 
'  of  nitrogen  dioxide  out  of  a  large  volume  of  liquid. 
This  method  is  easy  to  carry  out  and  gives  satisfactoiy  resnlts. 
las  been  selected  for  description  and  recommendation  here  out 
a  great  number  of  methods,  not  mentioned  in  this  volume, 
ich  have  been  proposed  and  more  or  less  used  for  determination 
Eiibic  acid. 
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e.  Methods  in  which  the  Nitrogen  of  the  Nitric  Aeie 
arated  and  measured  in  the  gaseous  form. 

These  methods  are  more  particularlj  anitable  for  ti 
nitrates  which  are  decomposed  by  ignition  into  oxide  or  m 
oxides  of  nitrogen ;  they  will  he  found  in  the  Section  on  i 
mate  Analysis  of  Organic  Bodies,  §  184.  Masiqnao  e 
them  to  analyze  mercurous  nitrates.  Bboheis  analyzed  nit 
of  lead  by  a  similar  method,  recommended  by  Bdhsbn. 
where  it  is  intended  to  determine  the  water  of  the  analyze 
ID  the  direct  way,  BDcb  methods  are  almost  indispensable.* 

§150. 
2.  Chloeic  Acid. 

I.  Determination. 

Free  chloric  acid  in  aqoeons  solution  may  be  detem 
converting  it  into  hydrochloric  acid  by  the  agency  of 
hydrogen  (II.,  ft),  and  determining  the  acid  formed,  as  du 
§  141 ;  or  by  saturating  with  solution  of  soda,  evaporating ' 
and  treating  the  residue  as  directed  in  II.,  a  or  e. 

II.  Separation  of  Chloric  Acid  from  the  B( 
Determination  of  the  Acid  in  Chlorates. 

a.  After  BcNSEN.t  When  warm  hydrochloric  acid  a 
chlorates,  the  latter  are  reduced ;  as  this  rednction  is  not 
with  separation  of  oxygen,  the  following  decompositions  n 
place: 

CO.  (Sl'9  a,o.  (sci.o  ci,o,  i?S''^  ci,o.  i^°    a,o 

SRCI   1  J^'"^'  4HC1    I  a  H,0    6HC1   1  |Jj'^q    8HCI  l  ^q    10H( 

Which  of  these  products  of  decomposition  may  actually  be 
whether  all  or  only  certain  of  them,  cannot  be  foreseen, 
matter  which  of  them  may  be  formed,  they  all  of  them 
this,  that,  in  contact  with  solution  of  potassium  iodide,  th 
ate  for  every  2  mol.  chloric  acid  (HCIO,),  or  1  mol.  C],( 
chlorate,  12  at.  iodine.  1522-2  of  iodine  liberated  correspon 
ingly  to  150-92  C1,0,.  The  analytical  process  is  condacte 
cribed  §  142, 1. 

*  Bee  alsu  Oibbs,  Am.  Jouni.  ScL,  xxxvii.  SSO. 
t  AqdbI.  d.  Cbem.  u.  Pbarm.  80,  262. 
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h.  After  Sebtini.*  To  the  concentrated  aqueous  solution  of 
B  weighed  chlorate  add  a  piece  of  zinc  and  tlien  Eome  puro 
nte  eulphuric  acid  and  allow  to  stand  for  some  time  (witli  O.t 
m.  potassium  chlorate  half  an  hour  is  I'ufficient).  By  tho  nas- 
it  hydrogen  the  chloric  acid  is  converted  into  hydrochloric  acid, 
lich,  after  removal  and  rinsing  of  the  zinc,  is  determined  accord- 
f  to  §  141.  To  use  the  volumetric  method  {§  141,  b,  a),  the  enl- 
uric  acid  is  first  precipitated  with  harium  nitrate,  then  the  zinc 
i  excess  of  barium  with  sodinm  carbonate,  tho  liquid  is  filtered 
1  neutralized,  then  potassium  clironiate  is  added,  and  finally 
ndard  silver  solution. 

c.  The  basic  radicals  are  determined  with  advantage  in  a  sepa^ 
e  portion,  by  converting  the  chlorate  either  by  very  cautious 
lition,  or  by  warming  with  hydrochloric  acid  into  cliloride. 

The  estimation  of  hypochloroua  acid  will  be  described  in  the 
Bcial  Part,  article  "  Chlorimetry." 

}  Zeilsclirif t  f.  onaljt.  Chem.  1,  SOO. 
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SECTION  Y. 

SEPARATION    OF   BODIES. 
§151. 

When  only  one  basic  or  one  acid  radical  is  present,  the 
}f  its  determination  haa  been  considei'ed  in  the  previous 
When  more  than  one  basic  or  more  than  one  acid  radical 
jent,  the  methods  of  separating  and  determining  them 
lescribod  in  tho  present  Section. 

The  separation  of  bodies  may  be  effected  in  three  ways 
by  direct  mmlysis  y  J,  by  indirect  analysis ;  c,  by  estimi 
iifference. 

By  direct  a/nalysis,  we  nnderstand  the  actual  scparatioi 
icals  or  elements.  Thus,  we  separate  potassium  from  soc 
platinic  chloride;  copper  from  tin  by  nitric  acid;  areen 
iron  by  hydrogen  snlphide;  iodine  from  chlorine  by  pE 
oitrate ;  carbon  from  potafisinm  nitrate  by  water,  &c.,  i! 
lirect  analysis  we  render  one  body  insolnble,  while  thi 
remain  in  solution,  or  vice  versa,  or  we  volatilize  one  bo( 
ing  the  others  behind,  on  we  effect  actual  separation  in  eon 
nanner.  This  is  the  mode  of  analysis  most  freqaeutly  en 
[t  generally  deserves  the  preference  where  choice  is  permi 

We  term  an  analysis  ivdir/tct  if  it  does  not  effect  the  ac 
kration  of  the  bodies,  but  causes  certain  changes  which  e 
a  calculate  their  quantity.  Thns,  the  quantity  of  potassi 
KKlinm  in  a  mixture  of  compounds  of  the  two  may  be  deti 
)y  converting  them  into  chlorides,  weighing  the  latt«r,  ao< 
nining  the  chlorine  (§  152,  3). 

Finally,  if  we  weigh  two  bodies  together,  determine  one  i 
ind  anbtract  its  weight  from  that  of  the  two,  we  shall  I 
veight  of  the  other  body.  In  this  case  the  second  body  ii 
)0  estimated  hy  difference.  Tlius,  alnmininm  may  be  deb 
phen  its  oxide  is  mixed  with  ferric  oxide,  by  weighing  1 
are  and  determining  the  iron  volnmctrically. 
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[ndirect  analysis  and  estimation  b;  difEerence  maybe  employed 
n  exceedingly  large  number  of  cases;  bnt  their  nse  is  as  a  rule 
'  to  be  recommended  where  good  methods  of  tme  separation 
iranting.  The  special  cases  in  which  they  are  preferable  to 
ct  analysis  cannot  be  all  foreseen ;  those  alone  are  pointed 
which  are  of  more  frequent  occurrence.  As  regards  the  calcn- 
□B  required  in  indirect  analysis,  I  have  given  general  direo- 
i  under  "  the  Calculation  of  Analysis  ;"  wherever  it  appeared 
ciouB,  I  have  added  the  tleceesary  directions  to  the  description 
le  method  itself. 

[  have  retained  our  former  snbdivision  into  groups,  and,  as  far 
racticable,  systematically  arranged,  first,  the  general  separation 
II  the  bodies  belonging  to  one  group  from  those  of  the  preced- 
groQps ;  secondly,  the  separation  of  the  individual  bodies  of  one 
ip  from  all  or  from  certain  bodies  of  the  preceding  groups ; 
finally,  the  separation  of  bodies  belonging  to  one  and  the  same 
ip  from  each  other.  I  think  I  need  scarcely  observe  that  the 
iral  methods  which  serve  to  separate  the  whole  of  the  bodies  of 
group  from  those  of  another  group  are  also  applicable  to  the 
ration  of  every  individual  body  of  tlie  one  group  from  one  or 
ral  bodies  of  the  other  group.  It  must  not  be  understood  that 
[uore  special  methods  are  necessarily  in  all  cases  preferable  to 
more  general  ones.  As  a  rule,  it  must  be  left  to  individual 
aists  to  decide  for  themselves  in  each  special  case  which  method 
lid  be  adopted.  Witli  respect  to  the  general  methods  for  sepa- 
ig  one  group  from  another,  I  would  observe  that  those  adduced 
ared  to  me  more  adapted  to  the  purpose  than  others,  but 
there  may  be  others  that  are  equally  suitable,  and  in  special 
)  even  more  so.  A  wide  field  is  here  open  to  the  ingenuity 
le  analyst. 

rhe  methods  given  for  the  separation  of  both  basic  and  acid 
Mils  are  generally  based  upon  the  supposition  that  they  are  in 
Form  of  free  acids  or  bases,  or  in  the  form  of  salts  soluble  in 
T.  Wherever  this  is  not  the  case,  special  mention  is  made  of 
circamstance. 

•"rom  among  the  host  of  proposed  methods,  I  have,  as  far  as 
ticable,  chosen  those  which  have  been  sanctioned  by  experience 
are  distinguished  for  accurate  results.  In  cases  where  two 
lods  were  on  a  par  with  each  other  as  regards  these  two  points, 
ve  either  given  both  or  selected  the  more  simple  one.  Methods 
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which  experience  has  bIlowd  to  be  defective  or  f allacione  hai 
altogether  omitted.  I  have  endeavored  to  point  ont,  ae  far 
Bible,  the  particular  circamfitanoea  under  which  either  the 
the  other  of  Bcveral  methods  deserves  the  preference. 

Where  the  aocoracy  of  an  analytical  method  has  been 
liahed  already,  in  Section  lY.,  no  farthnr  statements  are  m 
the  snbject  here.  Faragraphe  of  former  Sections  deeerri: 
ticnlar  attention  are  referred  to  ia  parentheses. 

The  extension  of  chemical  science  introdnces  almost  eve 
new  analytical  methods  of  every  description,  which  are,  rig 
wrongly,  preferred  to  the  older  methods ;  the  present  tin 
therefore  be  looked  apon  in  this,  as  in  so  many  other  respec 
period  of  transition,  in  which  the  new  strives  more  than  i 
overcome  and  sopplant  the  old.  I  make  this  remark  to  sli 
impossibility  of  always  adding  to  the  description  of  a  met 
opinion  of  its  uBefnlness  and  accaracy,  and  also  to  point  ( 
importance,  under  snch  circumstances,  of  a  proper  s^i 
arrangement.  I  have  in  this  Section  generally  arranged  tl 
OQS  analytical  methods  npon  the  bases  of  their  scientific  prii 
firmly  persnaded  that  this  will  greatly  tend  to  facilitate  thi 
of  the  science,  and  will  lead  to  endeavors  to  apply  known 
pies  to  the  separation  of  other  bodies  besides  those  to  whi{ 
are  already  applied,  or  to  apply  new  principles  where  exp 
has  proved  the  old  ones  fallacions,  and  the  methods  based  oi 
defective. 

I  conclude  these  introductory  remarks  with  the  importa 
tion  to  the  stndcnt  never  to  look  upon  a  separation  as  swxi 
accomplished  before  he  haa  con/oinced  himatlf  thai,  the  weigh 
oipiiates,  djc,  are  pure  and  more  particularly  free  froTi 
hodieafrom  which  it  was  intended  to  eejpa^ate  them. 
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EPARATION  OF  THE  BABIC   RADICALS  FROM  EACH  OTHER. 

POTAsaniH — aoDiuu — ^ahuonioi — (LrrHiuH). 

§152. 

IxDEX.    The  nnmbera  refer  to  those  In  tbe  mugiu. 

iVfoMH^m  from  sodium,  1,  2,  6. 

Sodium  from  potasdum,  I,  2,  6. 

unmonium,  8,  4,  5. 
Ammimium  from  potasaium,  4,  5. 
"         sodium,  8,  4,  5. 
lIMitm  from  the  other  alkidieA,  7,  8,  0.) 

1.  Methods  hosed  upon  the  different  degrees  of  S(^/uh^Ai/y 
in  Alcohol,  of  Sodium  Platmic  Chloride,  and  Potassium, 
Platinie  Chloride. 

I,    PoTABeiUU  FBOH    SoDIUH. 

[t  is  an  indispensable  condition  in  this  method  that  the  1 
alkalies  should  exist  in  the  form  of  chlorides.  If,  there- 
,  they  are  present  in  any  other  form,  they  must  be  first  con- 
ed into  chlorides,  which  in  most  cases  may  be  effected  by 
H}ration  with  hydrochloric  acid  in  excess;  in  the  case  of 
ites,  the  evaporation  with  hydrochloric  acid  must  be 
ated  4 — 6  times  till  the  weight  of  the  gently  ignited  mass 
es  to  diminish.  In  presence  of  sulphuric  acid,  phosphoric 
,  and  boracic  acid,  this  simple  method  will  not  answer.  For 
methods  of  separating  the  alkalies  from  the  two  latter  acids 
converting  them  into  chlorides,  see  §§  135  and  136.  The 
ence  of  sulphuric  acid  being  a  circnnwtance  of  rather  fre- 
it  occurrence,  the  way  of  meeting  this  contingency  is  given 

w(i). 

>etermine  tbe  total  quantity  of  the  sodium  chloride  and 
»sinm  cliloride*  (§§  97,  98),  dissolve  in  the  least  quantity 

Never  take  the  weight  of  the  alkali  chlorides  without  conTindDg  jourself  of 
purity  bf  dlwoMog  them  in  water,  which  should  ^ve  a  clear  solutiou,  and 
g  the  solution  with  ammonia  and  ammonium  carbonate,  which  must  throw 
no  precipitate.  It  may  be  thought,  perhaps,  that  a  matter  so  simple  need 
«  mentioned  here;  still  I  have  found  that  neglect  in  this  respect  is-b^.nO' 
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of  water,  add  to  the  fluid  in  a  porcelain  dish  an  ezceaa 
strong  aqneouB  eolation  of  platinic  chloride  as  nentral  aa 
Bible.  Enough  platinnm  solution  should  be  added  to  con 
the  Bodinm  as  well  as  the  potassium  into  platinochloride. 
is  beet  to  ase  a  solution  of  known  strength  and  to  calei 
ronglily  how  much  shonid  bo  added.  Evaporate  on  the  w 
bath  nearly  to  dryness  (the  water  in  the  bath  should  n 
actually  boil,  and  the  Bodium  platinic  chloride  shonid  uot 
its  water  of  cryetalUzation),  treat  the  reeidae  with  alcohc 
from  -SO  to  '87  ep.  gr.,  cover  the  dish  with  a  glass  plate, 
allow  to  stand  a  few  bonis,  with  occasional  stirring.  If  the  sn 
natant  fluid  is  not  deep  yellow,  this  is  a  proof  that  the  quai 
of  platinic  chloride  nsed  is  insufficient.  When  the  precip 
has  settled,  pour  off  the  clear  fluid  through  a  filter  and  ei 
ine  the  precipitate  most  minutely,  if  necessary  with  the 
of  a  microscope.  If  it  is  a  lieavy  yellow  powder  (snfficie 
magnified,  snmll  octahedral  crystals)  it  is  the  pore  potassinm 
tinic  chloride.*  Then  transfer  it — best  with  the  aid  of  thi 
trate — to  the  filter,  wash  it  with  spirit  of  '86  to  '87  sp.  gr. 
proceed  according  to  §  97, 3  a.  (Instead  of  weighing  tiie  do 
chloride  or  the  platinum  obtained  from  it,  yon  may  ignite  i 
tly  in  hydrogen,  extract  the  potassium  chloride  with  wj 
and  weigh  this  or  titrate  the  chlorine  in  it  by  §  141, 1.,  i 
If,  on  the  contrary,  white  saline  particles  (sodium  chloi 
are  to  be  seen  mixed  ^ith  the  yellow  crystalline  powder, 
tinic  chloride  has  been  wanting,  the  whole  of  the  sodium  ( 
ride  not  having  been  completely  converted  into  sodium  plal 
•chloride.  In  this  case  the  precipitate  in  the  dish  musl 
treated  with  some  water,  till  all  the  sodium  chloride  ie 
solved,  a  fresh  portion  of  platinic  chloride  is  added,  the  w 
evaporated  nearly  to  dryness,  and  the  above  examina 
repeated.  The  quantity  of  the  sodium  is  usnally  estim: 
by  subtracting  from  the  united  weight  of  the  sodium  chio 
and  potassium  chloride  the  weight  of  the  latter,  calcal 
from  that  of  the  potassium  platinic  chloride. 

To  make  qnite  sure  that  the  potassium  has  completely 


"  If  small  tesseral  ciyBtals  are  visible  of  a  dark  orange-fellow  a 
relBtivelj  lai^  size,  and  appearing  tnuupBrent  by  transmitted  li^t, 
double  chloride  contalni  lithium  platinic  chloride  (Jehzsch,  Fogg.  A 
JOQ. 
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,ted,  it  ie  advisable  to  add  to  tlie  filtrate  some  water,  eome 
ire  platinic  chloride,  and  if  the  qnantitj  of  sodium  is  only 
all,  also  some  sodium  chloride ;  evaporate  on  the  water-bath 
a\j  to  dryness,  at  a  temperature  not  exceeding  75°  (Bibchof), 
i  treat  the  residne  in  the  manner  jnst  described.  In  order 
diminish  the  solvent  action  of  the  alcohol  on  the  potassium 
itiaic  chloride,  i  ether  may  be  now  mixed  with  it.  Should 
8  operation  again  leave  a  small  undissolved  residue  of  potaa- 
m.  platinic  chloride,  it  is  filtered  off,  best  on  a  separate  filter, 
i  first  washed  with  alcohol  and  ether.  As,  however,  thia 
nainder  of  the  double  salt  is  generally  impure,  dissolve  it  on 
;  filter  with  boiling  water,  evaporate  with  a  few  drops  of  pla- 
ic  chloride,  treat  the  residue  with  alcohol,  and  if  any  potas- 
m  salt  remains,  determine  it  either  with  the  principal  quan- 
y  or  by  itself. 

If  yon  arc  not  satisfied  with  an  indirect  estimation  of 
!  sodium,  one  of  the  following  direct  methods  may  bo 
iployed.  a.  Evaporate  the  filtrate  till  the  spirit  has  gone  off, 
nte,  digest  the  eolation  with  small  pure  iron  filings  til!  the 
ttinum  itall  thrown  down,  filter,  add  chlorine  water  till  the 
TOMS  is  converted  into  ferric  chloride,  precipitate  with  ammo- 
i,  filter  off  the  ferric  hydroxide,  and  determine  the  sodium 
loride  in  the  filtrate.  /?.  Evaporate  the  filtrate,  finally  in  a 
rcelain  crucible,  to  dryness,  heat  the  residue  to  low  redness 

a  current  of  hydrogen,  extract  with,  water,  and  determine 
J  sodium  chloride  in  the  solution.  For  small  quantities  of 
id  this  method  will  be  found  convenient,  y.  A.  MrrscHER- 
:h  recommends  to  mix  the  filtrate  with  sulphuric  acid,  evapo- 
G  to  dryness,  ignite  the  residue,  extract  the  sodium  sul- 
ate  with  water,  and  determine  it  according  to  §  98, 1.  These 
ithods,  of  course,  yield  the  sodium  salt  in  a  pure  condition 
ly  when  the  separation  of  the  potassium  has  been  perfect. 
ley  present  the  advantage  that  the  sodium  salt  is  brought 
der  one's  eyes  and  may  be  tested  after  weighing. 

Should  the  solution  contain  sulphuric  acid,  it  may  be  in 
jsence  of  hydrochloric  acid  or  of  some  volatile  acid,  convert 
;  alkalies  first  into  normal  sulphates  (§§  97,  98),  and  weigh 
im  aa  such.  For  the  estimation  of  the  potassium,  one  of  the 
o  following  methods  may  be  nsed  : 

a.  First  convert  the  sulphates  into  chloridee  and  then  pro- 
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ceed  as  above.  For  this  purpose  barium  salto  were  font 
employed,  or,  better,  an  alcoholic  solution  of  Btrontium  clilo 
The  barium  sulphate,  however,  carries  down  considerable  q 
titles  of  alkali  salt,  and  the  etroatium  snlphate  notice 
quantities ;  hence  the  employment  of  these  reagents,  more 
ticnlarly  barium,  cannot  be  recommended.  H.  Boss  ad 
repeated  ignition  of  the  alkali  sulphates  with  ammoi 
chloride  till  the  weight  remains  constant ;  this  process  is  sii 
and  well  adapted  for  small  quantities ;  no  loss  of  alkali  nee 
feared  if  the  heat  is  not  unnecessarily  raised.  L.  Shitb  ad 
the  nse  of  lead  salts.  Dissolve  the  alkali  sulphate,  precip 
with  pure  neutral  lead  acetate,  avoiding  a  large  excess, 
some  alcohol,  filter,  precipitate  the  excess  of  lead  with  sulpl 
acid,  and  evaporate  to  dryness  with  addition  of  sulphnric  i 
This  method,  when  carefully  conducted,  yields  excellent  ree 

A  Precipitate  the  potash  directly  out  of  the  solution  oJ 
sulphates.  B.  Finkkneb*  gives  the  following  process:  T< 
rather  dilute  solution  of  the  salts  in  a  capacious  porceUin 
add  platinic  chloride  in  quantity  more  than  snfScient  to  tl 
down  all  the  potassium,  evaporate  on  &  water-bath  down 
few  C.C.,  allow  to  cool,  add,  at  first  in  small  qnantitiet 
times  the  volume  of  a  mixture  of  2  parts  absolute  alcohol 
1  part  ether,  with  stirring;  filter  after  a  short  time,  and  ' 
the  precipitate  with  alcohol  and  ether  till  the  washings 
colorless.  If,  when  the  alcohol  and  ether  are  first  add* 
strong  aqueons  eolation  of  sodium  sulphate  separates,  add  f 
hydrochloric  acid  till  the  fiuids  mix.  Dry  the  precipitate 
sisting  of  potassium  platinic  chloride  and  sodium  sulpl 
heat  with  the  filter  in  a  porcelain  crucible  till  tlie  filter  is 
bonized,  then  in  a  current  of  hydrt^n  to  scarcely  vi 
redness  extract  the  residue  with  hot  water,  ignite  the  plati 
in  the  air,  weigh  and  calculate  from  the  weight  the  qnantil 
potassium. 

The  separation  of  potassium  from  sodium  by  pla 
chloride  gives  results  which  are  fully  satisfactory,  and  a 
events  far  more  exact  than  any  method  depending  on  anc 
principle ;  provided  that  the  platinum  solntion  is  pure  an< 
operations  have  been  carefully  performed  in  accordance 
the  directions.     If  you  have  any  occasion  to  doubt  the  pe 

*  H.  Robe,  Buidbuch  dcr  aoal.  Cbem.  0  Aufl.  tor  Pikxener.  ii.  I 
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rity  of  the  weighed  double  ealt,  you  may  always  dissolve  it 
boiling  water,  evaporate  witli  addition  of  a  little  platinum 
lution,  and  reweigh  the  salt  thus  purified. 

b.    AlfHOinUH    FBOH   SODICIL 

The  process  is  conducted  exactly  as  in  a,  when  the  alkar 
8  are  present  as  chlorides.  See  also  §  99,  2.  If  potaseinm 
«  ia  present,  tlie  precipitate  produced  by  platinic  chloride  is  a 
xtnre  of  anunoninm  platinic  chloride  and  potassium  platinic 
loride;  in  which  case  the  weighed  precipitate  is  cautiously 
lited  for  a  sufficient  length  of  time,  but  not  too  strongly, 
til  the  ammonium  chloride  is  expelled,  the  gentle  ignition 
[itinned  in  a  stream  of  hydrogen  or  with  addition  of  oxalic 
id,  the  residue  extracted  with  water,  a  few  drops  of  liydro- 
loric  acid  added  if  oxalic  acid  was  employed,  and  the  potas- 
im  chloride  in  the  solution  determined  as  directed  §  97,  2. 
le  weight  found  is  calculated  into  potassjum  platinic  chloride, 
d  the  result  deducted  from  the  weight  of  the  whole  precipi- 
,e :  the  difference  gives  the  ammmoninm  platinic  cldoride. 
le  weighing  of  the  separated  platinum  affords  a  good  controL 
le  method  is  seldom  employed,  as  that  given  in  2  yields  more 
act  resolts, 

2.  Methods  baaed  upon  the  VohUilUy  ofATnttwnium 
Salts  and  Atrimonta. 

AUUOMICH   FBOM   FOTABSIUM    AHD    SoDtUH. 

a.  The  salts  of  the  alkalies  to  be  separated  contain  the  same 
'^■tiU  acid,  and  admit  of  the  total  expulsion  of  their  water  hy 
ying  at  100°,  without  losing  ammonia  {e.g.,  the  chlorides). 

Weigh  the  total  quantity  of  the  salts  in  a  platinum  crucible, 
d  heat,  with  the  lid  on,  gently  at  first,  but  ultimately  for 
ne  time  to  faint  redness ;  let  the  mass  cool,  and  weigh.  The 
crease  of  weight  gives  the  quantity  of  the  ammonium  salt. 

the  acid  present  is  sulphuric  acid,  you  must,  in  the  first 
ice,  take  care  to  heat  very  gradually,  as  otherwise  yon  will 
Ser  loss  from  the  decrepitation  of  ammonium  sulphate ;  and, 
the  second  place,  bear  in  mind  that  part  of  the  sulphuric 
d  of  the  ammonium  snlphate  remains  with  the  fixed  alkali 
Iphates,  and  that  you  must  accordingly  convert  them  into 
rmal  salts,  by  ignition  in  an  atmosphere  of  ammoninm  ear- 
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bonato,  before  piocctKling  to  determine  tlieir  weight  (eoir 
§§  97  and  98).  Ainmonium  diloride  cannot  be  separate 
tills  maimer  from  fixed  alkali  sulpitates,  as  it  converts  t 
upon  ignition,  partly  or  totally  into  chlondes. 

b.  Some  one  or  oUier  of  the  conditiona  giwn  in  "a"  u 
fulfilled. 

If  it  ie  impracticable  to  alter  the  circumBtaiices  by  si 
means,  bo  as  to  make  the  method  a  applicable,  tlie  fixed  all 
and  the  ammoninm  must  be  determined  separately  in  diSi 
portions  of  the  substance.  The  portion  in  which  it  is  inte 
to  determine  the  potassium  and  sodium  ie  gently  ignited 
ammonium  is  completely  expelled.  The  fixed  alkalies  are 
verted,  according  to  circumstances,  into  chlorides  or  sulpl 
and  treated  as  directed  in  1,  2,  or  S,  The  ammoninm  is 
mated  in  another  portion  according  to  §  99,  3. 
3,  Indirect  Methods. 

Of  course,  &  great  many  of  these  may  be  devised;  bv 
following  is  the  only  one  in  general  use. 

FOTABSIUV   FROU  SoDIUM. 

Convert  both  alkalies  into  chlorides  (§§  97  imd  98), 
weigh  as  such;  estimate  chlorine  (§  141);  and  from 
amount  of  this  calculate  the  quantities  of  the  sodium 
potassium  (see  "  Calculation  of  Analysis"  *). 

Tlie  indirect  method  of  determining  sodium  and  potaf 
is  applicable  only  in  the  analysis  of  mixtures  containing  ' 
ably  large  quantities  of  both  bases ;  but  where  this  is  tlie 
the  process  answere  very  well,  affording  also,  more  particu 
the  advantage  of  expedition,  if  the  chlorine  in  Uie  wei 
chlorides  is  titrated  (§  141, 1.,  h). 

Supplement  to  the  F^rat  Group. 
SspABATiott  OF  Lrrincu  fboh  the  otheb  AT.gAT^n 
Lithium  may  be  separated  iTorapota^v/m  and  aoditan  1 
indirect  way,  and  by  two  direct  methods : 

a.  Treat  the  nitrates  or  the  chlorides,  dried  at  120°,  w 
mixture  of  equal  volumes  of  absolute  alcohol  and  anbyi 
ether,  digest  at  least  for  24  hours,  with  occasional  shaking 

•Otiicr  melliods  are  given  by  Stolba  (Zeitschr.  f.  anal,  Clicm.  J 
M0ffll(«.  7.  173). 
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to  must  be  completely  disiTitegrated),  decaut  rapidly  on  to  a 
er  covering  the  fuiinel,  and  treat  the  residue  again  several 
les  with  smaller  portions  of  the  mixture  of  alcohol  and  ether. 
termiue,  on  the  one  part,  the  nndissolved  }K)tae6ium  and 
lium  salts ;  on  the  other,  the  dissolved  lithium  salt,  by  dis- 
ing  the  fluid  oS,  and  converting  the  residue  into  sulphate. 
is  method  is  apt  to  give  too  much  lithium,  as  the  potassium 
1  sodium  salts,  especially  the  chlorides,  are  not  absolutely 
Dluble  in  a  mixture  of  alcohol  and  ether.  The  results  may 
rendered  more  accurate  by  treating  the  impure  lithium  salt, 
ained  by  distilling  oS  the  ether  and  alcohol,  once  more  with 
jhol  and  ether,  with  addition  of  a  drop  of  nitric  or  hydro- 
oric  acid,  adding  the  residue  left  to  the  principal  residue, 
I  then  converting  the  lithium  salt  into  sulphate.  If  the 
s,  which  it  is  intended  to  treat  with  alcohol  and  ether,  have 
n  ignited,  however  so  gently,  caustic  lithia  is  formed — in 
caee  of  the  chloride  by  the  action  of  water — and  lithium 
bonate  by  attraction  of  carbonic  acid ;  in  that  case  it  is  neces- 
Y,  therefore,  to  add  a  few  drops  of  nitric  or,  as  the  case  may 
hydrochloric  acid,  in  the  process  of  digestion. 
If  we  have  to  separate  the  sulphates,  they  must  be  converted 
3  nitrates  or  chlorides  before  they  can  be  subjected  to  the 
ive  method.  This  conversion  is  best  effected  by  means  of 
J  salts,  see  3.  Ignition  with  ammonium  chloride  does  not 
iwer  for  lithium  sulphate,  nor  can  the  sulphuric  acid  be 
noved  by  barium,  or  strontium,  as  the  precipitated  sulphates 
nld  contain  lithium  (Diehl*). 

b.  yfidgh  the  mixed  alkalies,  best  in  form  of  sulphates,  and     8 
!n  determine  the  lithium  as  phosphate  according  to  §  100, 
the  quantity  of  lithium  is  relatively  very  small,  convert  the 
ighed  sulphates  into  chlorides  (7),  separate,  in  the  first  place, 

:  principal  amount  of  the  potassa  and  soda  by  means  of  alco- 
,  (§  100),  and  then  determine  the  lithium  (MATEKf). 

c.  When  exact  results  are  required,  the  indirect  method  is     9 
be  preferred.     Proceed  first  according  to  a,  evaporate  the 
rituouB  solution  of  the  lithium  chloride  containing  the  remain- 

■  of  the  other  chlorides  to  dryness,  beat  moderately,  weigh, 
^Ive  in  water,  estimate  the  chlorine,  and  calculate  therefrom 

*  Annal  d.  Chem.  u.  Pharm.  131,  9a  t  i^-  OS,  193. 
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the  lithium  and  sodiam  or  potaseiam.  Bdhseh  *  also  e] 
the  method  to  the  indirect  eetimatiun  of  lithiom  in  presei 
potaeBinm  and  eodium  by  remoTing  the  silver  from  the  & 
and  separating  the  potaesinm  with  platinnm.  But  I  moB 
point  out,  that  according  to  Jbnzsch  t  the  potassium  douh 
will  contain  lithium  apparently  in  the  form  of  the  pi 
chloride  of  potassium  and  lithium. 

The  snlphnric  acid  iu  weighed  qaantitiefl  of  the  snl| 
of  lithium,  and  of  potassium  and  sodium,  cannot  be  deter 
as  banum  sulphate  (see  end  of  7), 

The  separation  of  lithium  from  ammonimn  may  be  ef 
like  that  of  potassium  and  sodium  from  ammoniom  (4  euh 


Second  Group. 

BASIOM — 8TEONTIOM — CALCIUM — MAOHESIUIL 

I.  Sepakation  of  ths  Basic  Radicals  op  the  Sbcond  Oe 

THOSE   OF   THE   FntST. 

§153. 

Irskx.    (The  numbers  refer  to  those  in  the  nuufin.) 

Barium  from  potassium  and  sodium,  10.  12. 

smmoQium,  11. 
Strontium  from  potassium  and  sodium,  10,  18. 

"  smmoDium,  11. 

CbZetum  from  potassium  and  sodium,  10, 14 

"  ammonium,  11. 

Md^netinni  from  potassium  and  sodium,  15-1& 


j4.  General  Method. 

1.  T&E  WHOLE  OF  THE  AlKALI-EASTE  Ml:rALB  FBO 
TASBIUM  Aim  SODIDU. 

Principle  on  which  the  method  is  hosed:  Ammoniui 
bonatf,  precipitaies,  Jrom  a  solution  containinff  amvu 
chloride,  ordy  barium,  strontium,  and  calcium,. 

Mis  the  solution,  in  which  the  metals  are  assumod 
contained  in  the  form  of  chlorides,  with  a  sufficient  quan 

•AnnaL  d.  Chem.  u.  Pbsrm.  123,348.     f  PogK-  Anoal.  104,  103. 
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noninm  chloride  to  prevent  the  precipitation  of  the  magne- 
n  hy  ammonia ;  dilute  rather  considerably,  add  Bome  ammo- 
,  then  ammonium  carbonate  in  slight  excess,  let  the  mixture 
id  covered  for  an  hour  in  a  moderately  warm  place,  filter, 

wash  the  precipitate  with  water  to  which  a  few  drops  of 
3ionia  have  been  added. 

The  precipitate  contains  the  barium,  strontium,  and  eal- 
m;  i]i6  JiUrate  the  magneaium  and  the  al&alie«.  So  at 
:t  we  may  assume  in  cases  where  the  highest  degree  of 
nracy  is  not  required.  Strictly  speaking,  however,  the 
ition  still  contains  exceedingly  minnte  traces  of  calcium 

somewhat  more  considerable  traces  of  barium,  as  the  car- 
ates  of  these  two  metals  are  not  absolutely  insoluble  in 
^uid  containing  ammonium  chloride ;  the  precipitate  also 
f  contain  possibly  a  little  ammonium  magnesium  carbonate, 
lat  the  precipitate  according  to  §  154,  and  the  filtrate — in 
)rou8  analyses — as  follows :  Add  3  or  4  drops  (but  not  much 
re)  of  dilute  sulphuric  acid,  then  ammonium  oxalate,  and 
the  fluid  stand  again  for  12  hours  in  a  warm  place.  If  a 
eipitate  forms,  collect  this  on  a  small  filter,  wash,  and  treat 
the  filter  with  some  dilute  hydrochloric  acid,  which  dis- 
'es  the  calcium  oxalate,  and  leaves  the  barium  sulphate 
lissolved.  Since  a  little  magnesium  oxalate  may  have  sepsr 
id  with  the  former,  add  some  ammonia  to  the  hydrochlorio 
ition,  filter  after  the  precipitate  has  settled,  and  mix  the 
ate  with  the  principal  filtrate. 
Evaporate  tlie  fiuid  containing  the  magTiesium  and  the  alia- 

to  dryness,  and  remove  the  ammonium  salts  by  gentle  igni- 
t  in  a  covered  crucible,  or  in  a  small  covered  dish  of  platinum 
porcelain.*  la  the  residue,  separate  the  magnesium  from 
alkalies  by  one  of  the  methods  ^ven  15 — 18. 

2.  The  whole  of  the  Alkali-earth  Metals  from  Ah-  11 
Tuu. — The  same  principle  and  the  same  process  as  in  the 
iration  of  potassium  and  sodium  from  ammonium  (4  and  5). 

This  operation  effects  also  the  removal  of  tbe  small  quantity  of  sulphuric 
Added  to  precipitate  the  traces  of  barium,  as  sulphates  of  the  alkalies  are 
eited  iuto  chlorides  upon  igDitlon  ia  presence  of  a  large  proportion  of 
ionium  chloride. 
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B.  Special  Methods. 

SiNOLK  AlKALI-EASTU  MeTTALB  FBOH  F0TA88ICV  AI 
DIDH. 

1.  BaBIUU  FBOH  FOTASBIITM  AND  SoDTUU. 

Precipitate  the  barium  with  dilute  sulpharic  acid  (§  101 
evaporate  the  filtrate  to  diyuesB,  and  ignite  the  residne 
addition  towarda  the  end  of  ammoninm  carbonate  (§  97, 
%  98, 1).  Take  care  to  add  a  Bnfficient  quantity  uf  sulj 
acid  to  convert  the  alkalies  also  completely  into  sulphate 
exact  analyses,  in  order  to  save  the  alkali  salts  adhering 
barium  sulphate,  remove  the  dry  barium  Bulpliate  froi 
filter,  heat  it  with  a  sofficient  quantity  of  pure  strong  si 
lie  acid  to  dissolve  it  completely,  allow  to  cool,  dilute  la 
collect  the  barium  sulphate  (now  almost  abeolntely  pure)  ( 
first  filter,  ignite,  and  weigh.  Evaporate  the  filtrate  in  a 
Qum  dish,  drive  o£E  the  sulphuric  acid,  and  estimate  the 
of  the  alkalies. 

This  method  is,  on  account  of  its  greater  accuracy,  j 
able  to  the  one  in  A,  in  cases  where  the  barium  has  to  be 
rated  only  from  one  of  the  two  fixed  alkalies ;  but  if  botli 
lies  are  present,  the  other  method  is  more  convenient,  sini 
alkalies  are  then  obtained  as  chlorides. 

2.  StBONTIDU  FBOH  PoTASSIDlI  kSt>  SoDIUH. 

Strontium  may  be  separated  from  the  alkalies  like  bi 
by  means  of  sulphuric  acid ;  but  this  method  is  not  pref 
to  the  one  in  10,  in  cases  where  the  choice  is  permitted  ( 
§  102). 

3.  Oalcidm  fkom  Potassicm  and  Sodick. 
Precipitate  the  calcium  with  ammoninm  oxalate  (§  1 

h,  a),  evaporate  the  filtrate  to  dryness,  and  determine  tht 
lies  in  the  ignited  residue.  In  determining  the  alkalie 
solve  the  residue,  freed  by  ignition  from  the  ammonium 
in  water,  filter  if  necessary,  acidify  the  filtrate,  according  1 
cumstances,  with  hydrochloric  acid  or  sulphuric  acid,  and 
evaporate  to  diyness ;  this  treatment  of  the  residue  ia 
sary,  because  ammonium  oxalate  partially  decomposes  chli 
of  the  alkali  metals  upon  ignition  with  formation  of  alka 
bonat^  except  in  presence  of  a  huge  proportion  of  ammc 
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bride.  The  reEnlta  are  still  more  accurate  than  in  A,  except 
lere  ammonium  oxalate  baa  been  used,  after  tbe  precipitation 
ammonium  carboiiate,  to  remove  tbe  minute  traces  of  lime 
>m  tbe  filtrate. 

4.   MAQNEatTH  FROM  PoTASBIUM  AND  SoDIUH.* 

ydroxide  in  WcUer. 

a.  Make  tbe  solntion  ae  neutral  as  possible,  and  free  from  15 
imonium  Baits  (it  is  a  matter  of  indifference  wbetber  tlie  mag- 
iium  and  alkali  metals  are  present  as  sulphates,  chlorides,  or 
rates),  add  baryta^water  as  long  as  a  precipitate  forms,  heat 
boiling,  filter,  and  wash  the  precipitate  with  boiling  water. 
le  precipitate  contains  the  magnesium  as  hydroxide.  Dia- 
ve  it  in  hydrochloric  acid,  precipitate  the  barium  with  sul- 
uric  acid,  and  then  the  magneeiam  as  ammonium-magnesium 
oephate  (§  104,  2).  The  alkalies,  which  are  contained  in  tbe 
ution,  according  to  circumstances,  as  chlorides,  nitrates,  or 
letic  alkalies,  are  separated  from  the  barium  as  directed  in 

or  12.  LiEBio,  who  was  the  first  to  employ  this  method, 
>p06es  crystallized  barium  sulphide  as  precipitant.  Tbe- 
thod  is  not  very  exact,  as  magnesium  is  somewhat  more 
uble  in  solutions  of  alkali  salts  than  in  water.  On  this 
lonnt  the  weighed  alkali  salt  must  always  be  tested  for 
gnesium,  and  the  latter  determined  if  required. 

0.  Precipitate  the  solution  with  a  little  pure  milk  of  lime,  16 

1,  filter,  and  wash.  Sepamte  the  calcium  and  magnesium  in 
:  precipitate  according  to  24 ;  tbe  calcium  and  the  alkalies  in 
!  filtrate  according  to  10  or  14.  This  method  may  be  em- 
yed  when  magnesium  has  to  be  removed  from  a  fluid  con- 
ning calcium  and  alkalies,  provided  the  alkalies  alone  are 
be  determined.  Minute  quantities  of  magnesium  also  in  this 
e  remain  with  the  alkali  salt  from  the  cause  mentioned  in  a. 

y.  Evaporate  the  solution  of  the  chlorides  (which  must  17 
itain  no  otlier  acids)  to  drynws,  and  if  ammonium  chloride 
present,  ignite  j  warm  the  residue  with  a  little  water  (this 
I  dissolve  it  with  the  exception  of  some  magnesium  oxide, 
ich  separates).    Add  mercuric  oxide  shaken  up  with  water, 

i>ul:itl'c'  for  llic  separation  of  magDeslum 
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evaporate  to  diynees  on  the  water-bath  with  freqnent  stin 
dry  thoronghly,  ignite  with  increadng  temperature  till  all 
resulting  mercuric  chloride  is  volatilized.  (Avoid  inhaling 
fomee.)  There  is  no  need  to  continue  the  ignitioD  nntil 
whole  of  the  mercuric  oxide  ie  expelled ;  on  the  contrary, 
of  it  may  be  filtered  off  together  with  the  magneeinm  o: 
and  subeequently  volatilized  upon  the  ignition  of  the  k 
Treat  the  residue  with  small  quantities  of  hot  water,  filte 
rapidly,  and  wash  the  magnesium  oxide  with  hot  water,  n 
small  qnantitieB  at  a  time,  and  not  continuing  the  open 
nnneceBsarily,  The  solution  contains  the  alkalies  in  fom 
chlorides.  This  method,  proposed  by  Beszelitb,  gives  e 
factory  resolte,  and,  as  far  as  my  experience  goes,  is  the  bo 
those  given  under  a.  Take  care  to  add  the  mercuric  oxide 
in  proper  quantity,  and  always  test  the  alkali  chlorides  for  i 
neeinm,  a  trace  of  which  will  generally  be  found. 

6.  MetKod  based  on  the  Precipitation  of  the  Magji&i 
at  Ammonium  Magiieaium  Carbonate. 

Mix  the  solution  of  sulphates,  nitrates,  or  chlorides  (it  i 
be  very  concentrated)  with  an  excess  of  a  concentrated  goIh 
of  sesqoicarbonate  of  ammonia  in  water  and  ammonia  (230  \ 
of  the  salt,  360  cc.  solution  of  ammonia  ep.  gr.  -96,  and  v. 
to  1  litre).  After  twenty-four  hours  filter  off  the  precip 
(MgCO,-  (NH,),CO,+  4H,0),  vrash  it  with  the  solution  of 
monia  and  ammoninm  carbonate  used  for  the  precipitation, 
ignite  strongly  and  for  a  sufficienf  length  of  time,  and  weigl 
magnesium  oxide.  Evaporate  the  filtrate  to  dr^'ness  (kee 
the  heat  at  first  under  100°,  expel  the  ammonium  salts,  anc 
.  termine  the  alkalies  as  chlorides  or  Bnlphates.  When  eoc 
alone  is  present  the  results  are  tolerably  satisfactory.  In 
presence  of  potassium  the  ignited  magnesinm  oxide  mus 
extracted  with  water,  before  weighing,  as  it  contains  an  t\ 
ciable  quantity  of  potassium  carbonate ;  the  waahings  are  t 
added  to  the  principal  filtrate.  This  last  measure  is  unni 
sary  in  the  absence  of  potassinm.  The  magnesinm  is  alws 
little  too  low.     Mean  error  -^^  (F.  G.  Schaffqotsch,* 

WEBEEt). 

*  Fogg.  A.nna1.  101,  183.  \  Vierteljabresschrlft  f.  prafeL  Pbin 
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II.  Sepabation  op  the  Basic  Radicals  op  tbs  Seooitd 
Gbocp  fbou  each  other. 

§16*. 
Iimsx.    (The  numbers  lefer  to  those  in  the  margin.) 
Barium  from  strontium,  20,  23,  82. 
calcium,  22,  28,  27,  33. 
"       magueaium,  19,  21. 
StnmHittn  from  barium,  30.  SS,  83. 
calcium,  26,  30,  SI. 
"  magueslum,  19,  31. 

Calcium  from  barium,  30,  33,  38.  37,  32. 
atroQtlum,  34,  80,  31 
magne^um.  10,  34.  25,  38, 3». 
JTiVMiJuffl  from  barium,  10.  21. 

stron^um,  19,  31. 
caidum,  19,  34,  2S,  28,  29. 

A,  O^ieral  Method. 

Thb  whole  of  the  Aleali-eabth  Metals  fbom  each 

EB. 

Proceed  as  in  10.  The  magneeiam  is  precipitated  from  the  19 
-at«  as  ammoninm  magnesiam  phosphate.  The  precipitated 
x>iiat«s  of  harinn),  strontiam,  and  calcium  are  dissolved  in 
Irochloric  acid,  and  the  bases  separated  as  directed  in  20. 
;  traces  of  magnesinm,  which  may  be  present  in  the  ammo- 
m  carbonate  precipitate,  are  obtained  by  evaporating  the  fil- 
«  from  the  strontium  or  calcium  solphate  to  diyness,  taking 
the  residue  with  water,  and  precipitating  the  solution  with 
iam  pboeph^»  and  ammonia, 

B.  ^>eoial  Methods. 

1.  Methods  hosed  upon  the  TtisohAilU/y  of  Barium 


Babiith  fbom  STBOimnH  and  fbom  Calcium. 
Mix  the  neutral  or  slightly  acid  solution  with  hydrofluosili-  20 
acid*  in  excess,  add  one  third  of  the  volume  of  alcohol  of 
sp.  gr.,  let  the  mixture  stand  twelve  hours,  collect  the  pre- 
late of  iarium  sUicofluoride  on  a  weighed  filter,  wash  with 

*lf  Dot  kept  in  a  gutla-purcliu  bottle  it  abould  be  frvably  prepared. 
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a  mixtnre  of  equal  parts  of  water  aud  alcohol  until  the  wash- 
ings cease  to  show  even  the  least  trace  of  acid  reaction  (but  no 
longer),  and  dry  at  100°.  Precipitate  the  strontium  or  calcium 
from  tlie  filtrate  by  dilute  snlpharic  acid  (§  102,  1,  a,  and  g  103. 
1).  The  results  are  satisfactory.  For  the  properties  of  bariiun 
gilicoHnoride,  see  §  71.  If  both  strontium  and  calcium  are  pres- 
ent, the  sulphates  are  weighed,  and  then  eepai-ated  according 
to  26,  or  they  are  converted  into  carbonates  (§  132,  II.,  b),  and 
separated  according  to  31  or  3(L 

3.  Methods  based  upon  the  Ineoluhility  of  £arium 
Sulphate  or  Strontium  Sulphate,  aa  the  case  may  be,  in 
Water  and  in  Solution  of  Sodium  Thiosulphate. 

a.  Barium  asv  Stbontiuu  fcom  MAGNEBiru. 

Precipitate  the  barium  and  strontium  with  sulphnric  acid  SI 
(§  101,  1,  a  and  §  102,  1,  a),  and  the  magnesium  from  the  fil- 
trate   with    ammonia     and     sodium     ammonium     phosphate 
(§  104,  2)- 

h.  Baeiitii  fsom  CALcnrH. 

Mix  the  solution  with  hydrochloric  acid,  then  with  higUy  M 
dilute  sulphuric  acid  (1  part  acid  to  300  water),  as  long  as  a  pre- 
cipitate forms  ;  allow  to  deposit,  and  determine  the  t^nmeal- 
pliate  as  directed  §  101,  1,  a.  Concentrate  the  washings  bj 
evaporation  and  add  them  to  the  filtrate,  neutralize  the  acid 
with  ammonia,  and  precipitate  the  calcium  as  oxalate  (§  103,  2, 
},  «).  The  method  is  principally  to  be  recommended  when 
small  quantities  of  barium  have  to  be  separated  from  much  cal- 
cium. If  we  have  to  separate  calcium  sulphate  from  barium 
sulphate,  the  salts  may  (in  the  absence  of  free  acids)  be  treated 
repeatedly  with  a  solution  of  sodium  thiosulphate  at  a  gentle 
heat.  The  barium  sulphate  remains  undissolved,  the  calciuni 
sulphate  dissolves.  The  calcium  is  precipitated  from  the  fil- 
trate by  ammonium  oxalate  (Diehl*). 

3.  Method  based  upon  the  different  deportmerd  mih 
Alkali  Carbonates  of  Barium,  Sulphate  on  the  onehand, 
and  Strontium  and  Calcium.  Sulphates  on  the  other, 

Babium  fbom  Strontiom  Ajn>  Calciuu. 

Digest  the  three  precipitated  sulphates  for  twelve  hoara  at  tS 
*  JourD.  f.  pndit.  Cbem.  79,  480. 
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tlie  common  temperature  (15° — 20°),  witli  frequent  stirring, 
«-itIi  a  solution  of  ammonium  carbonate,  decant  the  fluid  on  to 
:i  liltcr,  treat  tlie  i-esidue  repeatedly  in  the  same  way,  wash 
finally  with  water,  and  in  the  still  moist  precipitate,  separate 
the  undecomposed  barium  sulphate  by  means  of  cold  dilute 
hydrochloric  acid  from  the  strontium  and  calcium  carbonates 
formed.  To  hasten  tlie  separation  yon  may  boil  the  Eulphates 
for  some  time  with  a  eolutiou  of  potaseiam  (not  sodium)  car- 
bonate, to  which  -j^  the  amount  of  the  carbonate,  or  more,  of 
potassium  sulphate  has  been  added.  By  this  process,  also,  the 
strontium  and  calcium  snlphates  are  decomposed,  the  barium 
sulphate  remaining  unacted  on.  If  the  basic  metals  are  in  solu- 
tion, the  above  solution  of  potassium  carbonate  and  sulphate  is 
added  in  excess  at  once,  and  the  whole  boiled.  The  precipitate, 
consisting  of  barium  snlpbate  and  strontium  and  calcium  car- 
bonates, is  to  be  treated  aa  above  with  cold  hydrochloric  add 
(H.  Rose*). 

4.  Methods  based  on  ihe  Insolubility  of  Calemm  Sul- 
phate in  Alcohol. 
Calcium  fbom  MAGHTEeiDV . 

a.  Remove  water  and  free  hydrochloric  from  a  solution  of  24 
the  chlorides  by  evaporation,  dissolve  the  residue  in  strong  (but 
not  absolute)  alcohol,  add  a  slight  excess  of  pure  strong  sulphu- 
ric acid,  digest  in  the  cold,  allow  to  stand  for  some  hours,  trans- 
fer the  precipitate  consisting  of  calcium  sulphate  and  some 
magnesium  sulphate  to  a  filter,  wash  away  the  acid  thoroughly 
with  nearly  absolnte  alcohol,  and  then  continne  the  washing 
with  alcohol  sp,  gr.  '96 — '95  tiU  a  few  drops  of  the  washings 
^ve  no  residue  on  evaporation.  Weigh  the  calcium  sulphate 
according  to  §  103,  1.  Evaporate  the  alcohol  from  the  filtrate, 
and  determine  the  magnesium  according  to  §  104,  2.  The 
method  is  in  itself  not  new,  but  A.  CBizTNBEi,t  adopting  the 
precautions  here  given,  has  obtained  excellent  results,  even  in 
the  presence  of  phosphoric  acid. 

b.  Small  QOANrmBS  of  Calcium  fboh  mdoh  MAONBstnM.  26 
Convert  into  neutral  sulphates,  dissolve  the  mass  in  water,  and 
add  alcohol,  with  constant  stirring,  till  a  slight  permanent  tur- 

•  Pogg.  AudsI.  bo,  388,  299,  437.  t  Zeitachr.  t.  anal.  Ctiem.  i.  84B. 
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bidity  is  produced,  Wait  a  few  hours  and  then  filter,  wasli  the 
precipitated  calcium  sulphate  with  alcohol  which  lias  been 
diluted  with  an  equal  volume  of  water,  and  detennine  it  after 
§  103,  1,  a  {in  which  case  the  weighed  eulpliate  must  be  tested 
for  magnesium),  or  dissolve  the  precipitate  in  water  containing 
hjdrociiloric  acid  and  separate  tlie  calciom  from  the  small  quan- 
tity of  magnesiam  possibly  coprecipitated  according  to  88 

(SCHEEBEB*). 

5,  Methods  hosed  on  the  Inaolvhiiiiy  of  Strontium  and 
Sarium  Suiphatea  in  solution  <^  Ammoniwm  SiUphate. 

Stbontium  fbou  Calcium, 

If  the  mixture  is  soluble,  disBolve  in  the  smallest  qnanti^  M 
of  water,  add  about  50  times  the  quantity  of  the  substance  of 
ammonium  sulphate  dissolved  in  four  times  its  weiglit  of  water, 
and  either  boil  for  some  time  with  renewal  of  the  water  that 
evaporates  and  addition  of  a  very  little  ammonia  (as  the  solu- 
tion of  ammonium  sulphate  becomes  acid  on  boiling),  or  allow  to 
stand  at  the  ordinary  temperature  for  twelve  hoars.  Filter  and 
wash  the  precipitate,  which  consists  of  strontium  sulphate  and 
a  little  ammonium  strontium  sulphate,  with  a  concentrated  solu- 
tion of  ammonium  sulphate,  till  the  washings  remain  clear  on 
addition  of  ammonium  oxalate.  The  precipitate  is  cautiously 
ignited,  moistened  with  a  little  dilute  sulphuric  acid  (to  convert 
the  small  quantity  of  strontium  sulphide  into  sulphate),  reig- 
nited  and  weighed.  The  highly  dilute  filtrate  is  precipitated 
with  ammonium  oxakte,  and  the  calcium  determined  according 
to  §  103,  2,  J,  a.  If  you  have  the  solid  sulphates  to  analyze, 
they  are  very  finely  powdered  and  boiled  with  concentrated  solu- 
tion of  ammonium  sulphate  with  renewal  of  the  evaporated 
water  and  addition  of  a  Uttle  ammonia.  Results  very  close,  e.g., 
1-048  Sr(NO,),  instead  of  1-053,  and  -497  OaCO,,  instead  of  -504 
(H.  RoBEt). 

Baeidm  may  be  separated  fboh  Calcium  in  the  same  way.    87 

6.  Methods  hosed  upon  the  InsoluhUity  of  Calcium 
Oxalate  in  Ammonium  Chloride  and  in  Acetic  Acid. 

Calcium  fbou  Maombsiuu. 

a.  Mix  the  properly  dilated  eolntioo  with  sufficient  ammo-  SB 

•  AnnaL  d.  Cbem.  u.  Phorm.  110,  SS7.  t  Pogg.  Aooal.  110,  S06. 
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niam  chloride  to  prevent  the  formatioa  of  a  precipitate  bj 
ammonia,  which  18  added  Id  slight  excess ;  add  ammonium  oxa- 
late as  long  aa  a  precipitate  forme,  then  a  farther  portion  of  the 
same  reagent,  about  sufficient  to  convert  the  magnesium  also 
into  oxalate  (which  remains  in  solution).  This  excess  is  abso- 
lutely indispensable  to  insure  complete  precipitation  of  the  cal- 
cium, as  calcium  oxalate  is  slightly  soluble  in  magnesium  chlo- 
ride not  mixed  with  ammonium  oxalate  (Expt.  No.  92).  Let 
the  mixture  stand  twelve  hours,  decant  the  supernatant  clear 
iluid,  as  far  as  practicable,  from  the  precipitated  calcium  oxa- 
late, mixed  with  a  little  magnesium  oxalate,  on  to  a  filter,  wash 
the  precipitate  once  in  the  same  way  by  decantation,  then  dis- 
solve in  hydrochloric  acid,  add  water,  then  ammonia  in  slight 
excess,  and  a  little  ammonium  oxalate.  Let  the  fluid  stand 
until  the  precipitate  has  completely  subsided,  then  pour  on  to 
the  previous  filter,  transfer  the  precipitate  finally  to  the  latter, 
and  proceed  exactly  as  directed  §  103,  2,  b,  a.  lie  first  filtrate 
contains  by  far  the  lai^r  portion  of  the  magnesium,  the  second 
the  remainder.  Evaporate  the  second  filtrate,  acidified  with 
hydrochloric  acid,  to  a  small  volume,  then  mix  the  two  fluids, 
and  precipitate  the  magnesium  with  sodium  ammonium  phos- 
phate (HNaNHJP0.,»a8  directed  §  104,  2.  If  the  quantity  of 
ammoDinm  salts  present  is  considerable,  the  estimation  of  the 
magnesium  is  rendered  more  accurate  by  evaporating  the  fluids 
in  a  large  platinum  or  porcelain  dish  to  dryness,  and  igniting 
the  residuary  saline  mass,  in  small  portions  at  a  time,  in  a  smaller 
platinum  dish,  until  the  ammonium  salts  are  expelled.  The 
residue  is  then  treated  with  hydrochloric  acid  and  water, 
,  wanned,  allowed  to  cool,  and  rendered  just  alkaline  with  ammo- 
nia. If  enough  ammonium  chloride  is  present,  no  magnesium 
hydroxide  will  fall  down,  but  occasionally  small  flocks  of  silica 
or  alnmina  are  to  be  seen.  Filter  them  o£E  and  Anally  precipi- 
tate with  ammonia  and  (HNaNH,)PO,.  If  the  precipitate  pro- 
duced by  ammonia  is  at  all  considerable,  dissolve  it  in  hydro- 
chloric acid,  evaporate  the  solution  on  a  water-bath  to  dryness, 
treat  the  residue  with  hydrochloric  acid  and  water,  render  alka- 
line with  ammonia,  filter,  and  add  the  filtrate  to  the  principal 
Bolntion. 

*  This  is  preferable  U>  sodium  phoapbate  as  a  precipitant,  see  Hooa,  Zeitsclir. 
t  anal.  Cbem.  12,  Sfi. 
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NumerouB  experiments  have  convinced  me  that  this  method, 
which  16  so  frequently  employed,  gives  accurate  rcBolts  only  if 
tlic  foregoing  instmctions  are  strictly  complied  with.  It  is  only 
in  cases  where  the  quantity  of  magnesium  present  is  relatively 
Bninll  that  a  single  precipitation  with  ammonium  oxalate  may 
be  found  sufficient  (comp.  Expt.  No.  93*). 

h.  In  the  case  of  calcium  and  magnesium  phosphates,  di9-  29 
solve  in  the  least  possible  quantity  of  hydrochloric  acid,  add 
ammonia  until  a  copious  precipitate  forme ;  redissolve  this  by 
addition  of  acetic  acid,  and  precipitate  the  calcium  with  an 
excess  of  ammonium  oxalate.  To  determine  the  magnesium, 
precipitate  the  filtrate  with  ammonia  and  (HNaNHJPO,.  As 
free  acetic  acid  by  no  means  prevents  the  precipitation  of  small 
quantities  of  magnesium  oxalate,  the  precipitate  contains  some 
magnesium,  and  as  calcium  oxalate  is  not  quite  insoluble  in 
acetic  acid,  the  filtrate  contains  some  calcium ;  these  two  sources 
of  error  compensate  each  other  in  some  measure.  In  accurate 
analysis,  however,  these  trifling  admixtures  of  magnesium  and 
calcium  are  afterwards  separated  from  the  weighed  precipi- 
tates of  ealcinm  carbonate  or  oxide  and  magnesium  pyrophos- 
phate  respectively. 

7.  Method  lased  upon  the  InsolvbiUty  of  Strmtlum 
Nitrate  in  Alcohol  and  Ether. 

Strontium  feom  Calch™  {aft^  Steomeyek). 

Digest  the  perfectly  dry  nitrates  in  a  closed  flask  with  abso-  SO 
lute  alcohol,  to  which  an  equal  volume  of  ether  should  he  added 
(H.  Rose).  Filter  off  the  undissolved  strontium  nitrate  in  a 
covered  funnel,  wash  with  the  mixture  of  alcohol  and  cttier.  dxf- 
solve  in  water,  and  determine  as  strontium  sulphate  {§  102,  IV 
Precipitate  the  calcium  from  the  filtrate  by  sulphuric  acid. 
The  results  are  satisfactory. 

8.  Indirect  Method. 
Stkonticm  from  Calcium. 

Detennine  both  bases  first  as  carbonates  or  oxides,  precipi-  31 

*  Further  expcrimenW  will  bo  found  io  ZeiUchr.  f.  anal.  Chem.  7,  310,  Com 
pare  also  Wittstein,  Zeilschr,  f.  anal.  Chem.  2,  318.  sod  Cosai.  H-  8.  m 
AccordiDg  to  Haqbr,  lb.  ».  254.  the  precipitate  of  calcium  oxalate  -"ill  br  Irtt 
from  magnesium  if  Altered  oft  immediately  ;  however,  I  fear  thai  a  litUtt  caltiuo 
might  in  this  case  be  left  in  solution. 
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tating  them  either  with  aminoninm  carbonate  or  oxalate  (§§  102, 
103) ;  then  estimate  the  amount  of  carbonic  acid  in  them,  and 
calculate  the  amount  of  strontium  and  calcium  as  directed  in 
"  Calculation  of  AualyseB."  The  deteFmirtation  of  the  carbonic 
acid  may  be  effected  by  fusion  with  vitrified  borax  (§  139,  II.,  c), 
but  the  application  of  a  moderate  white  heat,  Buch  as  is  given 
by^  a  good  gas  blowpipe  without  the  use  of  a  crucible  jacket,  is 
alone  sufficient  to  drive  out  all  the  carbonic  acid  from  both  the 
carbonates  (F.  Or,  Schaffgotsch*).  I  can  strongly  recommend 
this  uiethod.  It  ia  well  to  precipitate  the  carbonates  hot,  to 
press  the  precipitate  cautiously  down  in  the  platinum  cnicible 
and  turn  over  the  agglomerated  cake  every  now  and  then  till, 
after  repeated  ignitions,  the  weight  has  become  constant.  The 
results  are  good  if  neither  of  the  bases  is  present  in  too  minute 
quantity. 

The  indirect  separation  may,  of  course,  be  effected  by  means  38 
of  other  salts,  and  can  be  used  also  for  the  determination  of  cai^ 

Cimt     IS    PBESENCS    OF    BASIUM  Or  of  BAKIDU    IK    FHESBNCE    OP 

STBONTIUH.  In  the  expulsion  of  carbonic  acid  from  barium  car- 
bonate vitrified  borax  must  be  used  (§  139,  II.,  e). 

Third  Group. 

ALUUnriOI — CHBOHIUH. 

I.  Separatioit  of  ALnimnnH  and  Chbohidv  fbom  thb 
Alkalies. 

§155. 
1.  Fbom  Ahhonifm. 

a.  Aluminium  and  chromium  salts  may  oe  separated  from  S3 
amtnonium  salts  by  ignition.  However,  in  the  case  of  alu- 
niinium,  this  method  is  applicable  only  in  the  absence  of  chlo- 
rine (volatilization  of  aluminium  chloride).  The  safest  way, 
therefore,  is  to  mix  the  compound  with  sodinm  carbonate 
before  igniting. 

b.  Determine  the  ammonium  by  one  of  the  methods  given  34 
in  g  99,  3,  using  solution  of  potassa  or  soda  to  effect  the  expul- 
sion of  ammonia.    The  aluminium  and  chromium  are  then 
determined  in  the  residue  in  the  same  way  as  in  35. 

•Pogg.  Annal. '"S,  616. 
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2.    FbOM  FOTABSIITH  AND  SoDIUlL 

a  Precipitate  and  detenmne  the  chromiimi  and  alnminiimi  S5 
-with  ammonia  as  directed  in  g  105,  a,  and  §  106,  1,  a.  The  fil- 
trate contains  the  alkalies,  wludi  are  then  freed  from  the  ammo- 
nium salt  formed,  by  evaporation  to  dryness  and  ignition.  In 
the  presence  of  lat^  quantities  of  alkali  salts  it  is  well  to  dis- 
solve the  moderately  ignited  precipitate  in  hydrochloric  mi, 
and  reprecipitate  with  ammonia. 

b.  Aluminiwn  may  be  separated  also  from  potaasinm  and  31 
Bodinm  by  heating  the  nitrate  (see  38). 

II.  Sbpabation  of  ALttHiNitru  AND  Chboudu  from  tei 
Alkali-sabth  Msn'Ai.s. 

§156. 
Lnsz.    (The  numbers  refer  to  those  ia  the  mugtn.) 
Mvmimum  from  barium,  37 — 11,  and  48. 

BtroDtimD,  87—41,  and  43. 
calcium,  87—41,  &ad  44,  46. 
"         magneaium,  87 — 41,  and  48. 
Okrmimm  from  the  alkali-esrth  metals,  47 — 50. 

Sbpakation  07  Aluuiniifm  fkoh  the  Aleali-iiabth  UnALS. 

A,  General  Methods. 
The  whole   of   the  Alkaij-easth   Ustaj^  fboh  Alh- 
HDnuH. 

1.  Method  baaed  upon  the   Precipitation  of  Alu' 
minium  Hydradde  hy  Ammonia,  and  -upon  its  adutxon 
Ml  Soda. 
Pat  the  solution  in  a  platinum  dish  or,  with  less  advantage,  JT 
a  porcelain  dish.     Let  it  be  dilute  and  warm.     Add  a  tolerable 
quantity  of  ammonium  chloride,  if  such  be  not  already  present, 
then  very  gradually,  almost  drop  by  drop  (Weinkle*),  ammo- 
nia as  free  as  possible  from  carbonic  acid,  in  moderate  exce^ 
and  boil  till  no  more  free  ammonia  is  observable.     Under  these 
circnmstances,  a  little  magnesium  hydroxide,  and  also  a  snull 
quantity  of  calcium,  barium,  or  strontium  carbonates  are  at  first 
precipitated  along  with  the  aluminium  hydroxide ;  ou  i:he  boil* 

*  Zeitscbr,  f.  anaL  Chem.  10,  M. 
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tug  with  ammonium  chloride,  the  coprecipitated  alkali-earth 
metal  compounds  redissolve,  ro  tliat  the  aluminium  hydroxide 
finally  retains  only  an  nnweighable  or  scarcely  weighabic  trace 
of  them.  Allow  to  depOBit,  and  proceed  with  the  aluininintn 
determination  according  to  §  105,  a.  In  very  exact  analysis  it 
is  well,  after  moderately  washing  the  alnmininm  precipitate,  to 
rediEsolve  it  in  hydrochloric  acid,  and  reprecipitate  with  ammo- 
nia as  above  In  separations  of  alnmininm  from  calcimn  or 
magnesium  this  double  precipitation  is  especially  necessary  in 
the  presence  of  Bulphates.  After  the  alaminium  oxide  has 
been  weighed,  fuse  it  for  a  long  time  with  potassium  distil- 
phate,  dissolve  tlie  fused  mass  in  water,  and  dctennine  any  sili- 
cic acid*  that  may  remain.  The  solution,  when  mixed  with 
poiassa  in  excess,  will  often  not  appear  perfectly  clear,  bat  will 
contain  a  few  flocks  of  magnesium  hydroxide  (perhaps  also 
traces  of  barium,  strontium,  or  calcium  carbonates).  If  there  is 
any  amount  of  the  latter,  filter  it  off,  dissolve  in  nitric  acid,  pre- 
cipitate witli  ammonia,  boil  till  the  flnid  ceases  to  smell  of 
ammonia,  filter,  evaporate  the  small  quantity  of  fluid  in  a  pW 
tinnm  capsule,  ignite,  weigh  the  residual  magnesium  oxide 
(which  may  contain  traces  of  other  alkali-earth  metals),  deduct 
it  from  the  aluminium  oxide,  dissolve  it  in  hydrochloric  acid, 
and  add  to  the  original  flltrate.  In  order  to  the  further  separa- 
tion of  the  alkali-earth  metals,  acidify  the  fluid  containing  them 
with  hydrochloric  acid,  evaporate  (preferably  in  a  platinum  dish) 
to  a  small  bulk,  and  while  still  warm  add  ammonia  just  in 
excess.  A  small  precipitate  of  aluraininm  hydroxide  is  some- 
times formed  at  this  stage ;  filter  off,  wash,  and  weigh  with  the 
principal  precipitate.  In  the  filtrate  determine  the  alkaM-earth 
metals  according  to  §  154. 

[The  difficulty  of  washing  aluminium  hydroxide  usually 
increases  with  lapse  of  time  between  precipitation  and  filtra- 
tion. This  diffieolty  may  be  to  some  extent  obviated  by  the 
following  slight  modification  of  the  ahove-deecrltied  manipula- 
tion. Add  ammonia  to  the  solution,  which  may  occupy  a  vol- 
ume of  400  C.C.  for '2  gr.  A1,0„  until  free  acid  is  partially  neu- 
tralized, but  not  nntil  a  permanent  precipitate  is  formed ;  add 

*  A  small  quBDtity  vill  always  be  found  If  you  have  boiled  la  a  glase  a 
porcelain  vessel. 
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also  ammoiiinm  chloride  if  but  little  free  acid  was  present  Heat 
nearly  to  boiling,  and  add  ammonia  slowly  until  a  permanent 
precipitate  begins  to  form,  then  drop  by  drop  until  a  slip  of  red 
litmus-paper  dipped  into  the  iluid  changes  to  blue  and  the  odor 
of  ammonia  becomee  perceptible  on  boiling.  Carefully  amid 
the  use  of  more  ammonia  than  is  sufficient  to  produce  these 
indications  of  a  dight  excess.  Boil  rapidly  7  to  10  minutes, 
allow  the  precipitate  to  settle  6  to  10  minutes,  filter  and  wash 
the  precipitate  moderately  upon  the  filter.  ICemove  the  filter 
with  the  moist  precipitate  from  the  funnel,  and  unfold  it  upon 
the  aide  of  a  beaker  having  a  height  exceeding  the  diameter  of 
the  filter,  so  that  the  latter  may  not  extend  to  the  bottom 
of  the  beaker.  Kinee  the  precipitate  from  the  filter  down 
to  the  bottom  of  the  beaker  with  a  strong  jet  of  water 
and  dissolve  (completely  or  nearly)  by  adding  concentrated 
hydrochloric  acid.  Moisten  also  the  filter  with  acid  somewhat 
diluted,  and  riose  the  small  amount  of  aluminium  chloride  solu- 
tion thus  formed  out  of  the  paper  with  a  jet  of  water.  Posh 
up  the  filter  now,  if  necessary  with  a  rod,  so  that  it  may  be 
above  the  solution,  and  allow  it  to  remain  adhering  to  the  side 
of  the  beaker.  The  solution  need  not,  for  this  second  precipi- 
tation, occupy  a  volume  above  200 — 250  c.c.  Precipitate  the 
aluminium  precisely  as  before,  moistening  also  the  filter  with 
ammonia  solution.  Immediately  after  boiling  pour  the  solution 
with  the  precipitate  upon  a  filter.  Push  the  old  filter  down  to 
the  bottom  of  the  beaker,  wash  it  by  adding  and  decanting 
small  successive  portions  of  hot  water,  stirring  and  pressing  the 
paper  with  a  rod  and  pouring  the  water  upon  the  precipitate, 
until  a  few  drops  of  the  decanted  water  give  no  turbidity  with 
silver  nitrate.  Next  complete  the  washing  of  the  precipitate 
on  the  filter  with  hot  water.  After  the  washing  is  complete, 
beat  up  the  old  filter  in  the  beaker  with  a  glass  rod  and  rinse  it 
out  upon  the  top  of  the  washed  precipitate — the  old  filter  must 
on  no  account  be  thrown  away,  since  it  may  retain  n  little  alu- 
minium hydroxide  which  treatment  with  hydrocliluric  acid 
failed  to  dissolve.  Add  to  the  united  filtrates  anmionia  to 
decided  alkaline  reaction  ;  heat  until  the  solution  becomes  neu- 
tral. If  more  alaniinium  hydroxide  separates,  collect  it  on  a 
small  filter.] 
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2,  Method  based  ujxm  the  unequal  Decotnposainlity 
of  the  Nitrates  at  a  Moderate  Heat  (Dbville*). 

To  make  this  simple  and  convenient  metliod  applicable,  the  38 
basic  metals  must  be  present  as  pure  nitrates.  Evaporate  to  dry- 
aese  in  a  platinum  dish,  and  heat  gradually,  with  the  cover  on, 
in  the  sand-  or  air-bath — or,  better  still,  on  a  thick  iron  disk, 
with  two  cavities,  one  for  the  platinnm  dish,  the  other,  filled 
with  braes  tomings,  for  inserting  a  thermometer — to  from 
200°  to  250°,  until  a  glass  rod  moistened  with  ammonia  ceases 
to  indicate  further  evolution  of  nitric-acid  fumes.  You  may 
also,  without  risk,  continue  to  heat  on  til  nitrons-acid  vapors  form. 
The  residue  consists  of  aluminium  oxide,  barium,  strontium  and 
calcium  nitrates,  and  normal  and  basic  magnesioro  nitrates. 

Moisten  the  mass  with  a  concentrated  solution  of  ammonium 
nitrate,  and  heat  gently,  but  do  not  evaporate  to  dryness. 
Repeat  this  operation  until  no  further  evolution  of  ammo- 
nia is  perceptible.  (The  basic  magnesium  nitrate,  insoluble  in 
water,  dissolves  in  nitrate  of  ammonia,  with  evolution  of  ammo- 
nia, as  normal  magnesium  nitrate.)  Add  water,  and  digest  at 
a  gentle  heat. 

[If  the  ammonium  nitrate  has  evolved  only  imperceptible 
traces  of  ammonia,  pour  hot  water  into  the  dish,  stir,  and  add  a 
drop  of  dilute  ammonia ;  this  must  cause  no  turbidity  in  the 
fluid ;  should  the  fluid  become  turbid,  this  proves  that  the  heat> 
ing  of  the  nitrates  has  not  been  coatinaed  long  enough ;  in 
which  case  you  most  again  evaporate  the  contents  of  the  dish, 
and  heat  once  more.] 

The  aluminium  oxide  remains  undissolved  in  the  foi'm  of  a 
dense  granular  substance.  Decant  after  digestion,  and  wash  with 
boiling  water ;  ignite  strongly  in  the  same  vessel  in  which  the 
separation  has  been  effected,  and  weigh.  Test  the  weighed  alu- 
minium oxide  according  to  37.  Separate  the  alkali-earth  metals 
as  directed  §  154, 

In  the  same  way  aluminium  may  be  separated  also  from 
potassium  and  sodium  (36.) 

3.  Method  in  which  the  processes  of  1  and  2  are  com-  . 
hined. 

Precipitate  the  aluminium  as  in  37,  wash  in  the  same  way  39 
'  Jouni.  f,  pnkt  Cbem.  1808,  60,  a 
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as  tliere  directed,  tl^en  treat,  while  still  moist,  with  nitric  add, 
ard  proceed  according  to  88,  to  remove  the  trifling  amount  of 
iiiagneBiuin,  etc.,  coprecipitated  ;  add  the  Bolution  obtained  to 
tlie  principal  solution  of  the  alkaline  eartlis,  and  treat  the  fluid 
as  directed  in  37.  This  method  may  be  employed  also  in  the 
case  of  chlorides ;  it  will  be  sometimes  found  osef  nl. 

4.  Method  baeed  upon   the   Precipitation  of  Alumm- 
ium  ly  Sodium  Acetate  or  formate  upon  loUing. 

The  same  process  as  for  the  separation  of  ferric  iron  from  40 
the  alkali-earth  metals.  The  method  is  employed  more  par- 
ticularly when  both  alaminiam  and  ferric  iron  have  to  be 
separated  from  alkali-earth  metals  at  the  same  time.  The 
precipitation  of  the  aluminium  i^  nenally  not  quite  complete, 
so  that  it  will  be  necessary  to  ^parate  the  alnmininm  which 
remains  in  solution  from  the  filtrate  (37). 

5.  Method  based  an,  the  Precijntation  qf  Alttminium 
hy  Ammonium  Succinate. 

Proceed  as  for  the  precipitation  of  ferric  iron  hy  the  same  41 
reagent  {§  159);    especially  to  be  employed  when  alaminiam 
and  ferric  iron  are  both  to  be  separated  from  alkali-earth  metals 
at  the  same  time.    The  filtrate  must  be  tested  according  to  40; 

B.  Special  Methods. 
8ou£  OF  THE  Ale&li-eabth  Mbtals  fkou  Aluviktuil 

1.  Methods  based  upon  the  Precipitation  of  some  <^ 
the  Salts  of  the  AlJcalir^arth  Metals. 

a.  Babihh  and  SxRONnrM  from  ALTTumiUH. 
Precipitate  the  barium  and  strontium  with  sulphv/rio  acid  4S 
{§§  101  and  102),  and  the  aluminium  from  the  filtrate  as  directed 
§  105,  a.    This  method  is  especially  suited  for  the  separation  of 
barium  from  aluminium.     In  accnmte  analyses  the  barium  buI- 
phate  must  be  purified  according  to  12. 
h.  Calcium  fboh  Alumiiodm. 
Add  ammonia  to  the  solution  until  a  permanent  precipitate  44 
forms,  then  acetic  acid  until  this  precipitate  is  redissolved,  then 
ammonium  acetate,  and  finally  ammonium   oxalate  in  slight 
-excess  (§  103,  2,  J,  ^;  allow  Uie  precipitated  calcium  oxalate 
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to  deposit  in  the  cold,  then  filter,  and  precipitate  the  alnmimtiin 
from  die  filtrate  as  directed  §  105,  a. 

%  Method  iased  vpon  the  I*reeipitaiion  of  Al%md- 
nium,  hy  Barium,  Carhonate. 

Aluminiuh  FfiOH  Maonesium  and  Shall  QuAimnES  of 
Calcium. 

Mix  the  slightly  acid  dilate  flnid  iu  a  flask,  with  a  moderate  46 
excess  of  barinm  carbonate  shaken  up  with  water ;  cork  the 
flask  and  let  the  mixtnrc  stand  in  the  cold  nntil  the  aluminium 
hydroxide  has  subsided,  wash  by  decautation  three  times,  filter, 
and  then  determine  the  aluminium  in  the  precipitate  as  directed 
43 ;  in  the  filtrate,  first  precipitate  the  barium  by  sulphuric 
acid  (22),  and  then  separate  the  calcium  and  magnesium  accord- 
log  to  §  IM. 

Sepakation  of  Chboutdm  fbom  the  Alealt-earth  Metals. 

1.  The  best  way  to  separate  the  whole  of  the  alkali- 
EAJtTH  METALS  from  chromium  at  the  same  time  is  to  convert 
the  latter  into  chromic  acid.  This  may  be  doue  in  the  dry  or 
the  wet  way. 

a.  Ihy  way.  Mix  die  powdered  substance  with  about  8  47 
times  its  weight  of  a  mixture  of  2  parts  of  sodium  carbonate 
and  1  part  of  nitre,  and  fuse  in  a  platinum  crucible.  On  treat- 
ing the  fused  mass  with  hot  water,  the  chrominm  dissolves  as 
alkali  chromate  (to  be  determined  according  to  §  130),  while 
the  alkali-earth  metals  remain  in  the  residue  as  carbonates  or 
oxides  (magnesium  oxide).  If  the  residue  is  not  perfectly  white, 
extract  the  remainder  of  the  chromic  acid  from  it  by  boiling 
with  solution  of  sodium  carbonate. 

b.  Wet  way.     Suitable    for    separating    chromium    from  48 
barium,  strontium,  and  calciam. 

Nearly  neutralize  the  acid  fluid  with  sodium  carbonate,  add 
excess  of  sodium  acetate,  warm  and  pass  chlorine,  adding  sodium 
carbonate  occasionally  to  keep  the  fluid  nearly  neutral.  As 
soon  as  all  the  chrominm  is  oxidized,  precipitate  witli  sodium 
carbonate  by  the  aid  of  heat,  and  proceed  for  the  rest  according 
to  47  (GiBBs*).     Bromine  instead  of  chlorine  may  be  osed; 

*  Zdtacbr.  f.  anal.  Cbeni.  8,  828. 
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however,  the  oxidation  is  but  tardily  eflEected  bj  tlic  mere  aJJi- 
tion  of  bromine  water. 

2.  ClIKUMILM  FKOM  BaRIUM,  StBONTICM,  AND  CALcini.  To  49 
separate  barium  and  Btrontium,  precipitate  the  moderately  avli. 
liot,  dilute  solution  with  sulphuric  acid — in  the  presence  of 
strontium,  allow  to  cool  and  add  alcohol — and  when  the  pre- 
cipitate has  settled,  filter.  Chrominm  cannot  be  separated  hr 
ammonia  from  the  alkali-earth  matals,  since,  even  though  car- 
bonic acid  be  completely  exclnded,  they  are  partially  precipi- 
tated along  witli  the  chromic  hydroxide.  From  soluticns 
containing  a,  salt  of  chromium,  calcium  cannot  be  precipitated 
completely  by  ammonium  oxalate;  but  it  may  be  by  Bulpharie 
acid  and  alcohol  (|  103,  1). 

3.  Chromium  may  also  be  separated  from  MAONEsruM  and  50 
small   quantities  of  Calcidm  by  means   of  barium  carbonate. 
See  46. 

III.  Separation  of  Chromium  from  Aluminitm,* 

§157. 

a.  Fuse  the  oxides  with  2  parts  of  potassium  nitrate  and  i  51 
parts  of  sodium  carlwnate  in  a  platinum  crucible,  treat  the  f  uecJ 
mass  with  boiling  water,  rinse  the  contents  of  the  crucible  into 
a  porcelain  dish  or  beaker,  add  a  somewhat  large  quantity  of 
potassium  chlorate,  supersaturate  slij;htly  with  hydrochloric 
acid,  evaporate  to  the  consistence  of  syrup,  and  add,  during  the 
latter  process,  some  more  potassium  chlorate  in  portions,  to 
remove  tlie  free  hydrochloric  acid.  Dilute  now  with  water, 
and  separate  tlie  aluminium  and  chromium  as  directed  §  130, 
II.,  c,  a.  If  you  omit  the  evaporation  with  hydrochloric  acid 
and  potassium  chlorate,  part  of  the  chromic  acid  will  be  reduced 
by  the  nitrous  acid  in  the  fluid,  and  chromic  hydroxide  will 
accordingly,  upon  addition  of  ammonia,  be  precipitated  with 
the  aluminium  hydroxide  (DEXTEitt). 

J.  Dissolve  the  oxides  in  hydrochloric  acid,  add  soda  or  52 
potassa  solution  in-  sufficient  excess  and  saturate  the  clear  green 
solution  with  chlorine  gas.     The  chromium  will  be  converted 

*  The  separation  of  aluminium  from  Utanio  acid  will  be  gtveo  under  lb* 
Analysis  of  Silicates. 
t  Pogg.  Anal.  89.  143. 
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into  chromic  acid,  and  the  alaniiniiim  partially  separated. 
When  the  fluid  lias  become  of  a  pure  yellow  color,  heat  to 
remove  the  excess  of  chlorine,  add  ammonium  carbonate,  and 
digest  to  destroy  the  hypochlorous  acid  and  precipitate  the  still 
dissolved  aluminium,  and  proceed  according  to  §  130,  II.,  Cy  a 
(Wohlek"). 

e.  Nearly  neutralize  the  acid  solution  with  sodium  carbonate,  53 
add  sodinra  acetate  in  excess,  pass  chlorine  or  add  bromine  and 
warm.  The  chromium  will  readily  be  converted  into  chromic 
acid,  especially  if  sodium  carbonate  is  added  every  now  and  then 
to  keep  the  fluid  nearly  neutral.  Aa  soon  as  this  is  effected 
proceed  according  to  §  130,  II.,  c,  a  (QiBBef). 

Fourth  Group. 

ZDTO — HA1I0ANE6B — ^NICKEL COBALT — FERBOUB  IRON — ^FBBBIO 

moN — (ubahium). 

I.  Sepabation  of  the  Metals  of  the  Foitbth  Gboup  fboh 
THE  Alkalies. 

§158. 

A,  General  Methods. 

1.  All  Metals  of  the  Foiteth  Gaon?  feom  AMMONimt. 

Proceed  as  for  the  separation  of  chromiam  and  aluminium  ^4 
from  ainmoninm,  33,  It  must  be  borne  in  mind  that  the  oxidee 
of  the  fourth  group  comport  themselves,  upon  ignition  with 
ammonium  chloride,  asfoUows :  Ferric  oxide  is  partly  converted 
into  ferric  chloride  which  volatilizes  ;  the  oxides  of  manganese 
are  converted  into  manganous  chloride  and  manganous  oxide 
with  volatilization  of  some  of  the  former ',%  the  oxides  of 
nickel  and  cobalt  ar^.  reduced  to  the  metallic  state,  no 
chloride  being  lost  by  volatilization  ;§  oxide  of  zinc  is  converted 
into  chloride  which  volatilizes.  It  is,  therefore,  generally 
the  safest  way  to  add  sodium  carbonate.  The  anunonium  is 
determined  in  a  separate  portion. 

*  Anal.  d.  Cbem.  u.  PhariiL  lOQ  ISl.     X  ZellrchT.  f.  anal.  Chem.  11.  434. 
f  Zeitschr.  f.  anal.  Cbem.  8.  8S7.  g  iA  13,  78. 
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2.  All  Metalb  of  the  Fol'kth   Gkocp  fbuh  PdiAssim 

AND  SODICM. 

Mix  tlic  solution  in  a  flask  with  aininoninir)  chloride  if  ii 
neccBsai'y,  add  ammonia  till  neutral  or  slightly  alkaline,  then 
yellow  amtnoninm  sulphide  saturated  with  hydrogen  sulpliitk, 
fill  the  flaek  nearly  to  the  top  with  water,  cork  it,  allow  tlie 
precipitated  sulphidcB  to  subside,  and  then  filter  them  off  from 
the  fluid  containing  the  alkalies.  In  performing  this  process 
the  precautionary  rules  given  under  the  heads  of  the  several 
metals  in  question  (§§  108 — 113)  must  be  home  in  mind.*  (If, 
notwithstanding,  the  filtrate  is  brownish,  acidify  it  witli  acetic 
acid,  pass  hydrogen  sulphide,  boil  and  filter  off  the  small  qnan- 
tity  of  the  nickel  sulphide  which  then  separates.)  Acidify  tlie 
filtrate  with  hydrochloric  acid,  evaporate,  filter  off  the  sulphar 
if  necessary,  continue  the  evaporation  to  dryness,  ignite  the 
residue  to  remove  ammonium  salts,  and  determine  the  alkalies 
by  the  methods  given  §  152. 

B.  Special  Methods. 

1.  Zinc  from  Potassium  and  Sodium,  by  precipitating  tlie  Sfi 
zinc  from  the  solution  of  the  acetates  with  hvdrogen  sulphide 
(M  73). 

2.  Fkeric  Ikon  from  PoTASsrcM  and  Sodium,  by  precipitat- 
ing with  ammonia;  or  by  heating  the  nitrates  (see  37  and  88). 

3.  Manganese  fbom  the  Alkalies.  Mix  the  neatral  or  57 
slightly  acid  solution  with  ammonium  chloride  and  precipitate 
the  manganese  with  a  slight  excess  of  ammonium  carltonate. 
Allow  the  pi-ecipitate  to  settle  in  a  warm  place,  filter  through  a 
thick  filter,  wash  with  hot  water  and  weigh  as protosesquioxide 
(H,Tamm+)  In  the  filtrate  separate  the  alkalies  from  ammoninm 
salts  by  gentle  ignition.  The  separation  of  manganese  as 
hydrated  peroxide  cannot  be  recommended,  as  the  precipitate 
retains  alkali. { 


'Manganese  maj  be  separated  from  the  alkalies  according  tog  lOB,  l,e. 
Nickel  and  coball  may  be  separated  from  the  alkalies  according  to  H,  n 
luting  ftmmoDium  ocetatc  for  sodium  acetate. 

+  Zeitscbr.  t  anal,  clicm,  11,  425.  t  -^-  11.  8M- 
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II.     SEFA&A.TIOH  or    THE    MeTALB    OF    THE    FoUBTH    GbOUP     FBOM 
THOSE   OF  THE   SSOOND. 

§159. 

IsDEx.    (Tike  numbers  refer  to  those  in  the  margin.) 
Ziite  from  buium  and  strontium,  S8,  C9,  60,  08. 
calcium,  58,  60,  68. 
"         magneflium,  58,  60. 
Matiffaruu  from  barium  and  strontium,  68,  69. 

'  calcium  aad  magnesium,  58,  63. 

IRekel  and  eabtUi  from  barium  and  strontium,  68,  OS,  68. 
calcium,  M,  6a 
"  magnesium,  58. 

^^firie  itvn  from  barium  and  strontium,  58,  68,  01. 
"  calcium  and  magnesium,  58,  61. 

A.  General  Method. 

All  Metals  of  the  Fousth  Gboup  fbom  the  Aleali- 
EABTH  Metals. 

Add  ammoniam  chloride,  and,  if  acid,  also  ammonia,  and  S8 
precipitate  with  ammonium  salphide,  as  in  86.  Take  care  to 
use  slightly  yellow  ammoniam  sulphide,  perfectly  saturated 
with  hydrogen  sulphide,  and  free  from  ammonium  carbonate 
and  snlphate,  and  to  employ  it  in  sufficient  excess.  Insert  the 
cork,  and  let  the  flask  stand  for  some  time  to  allow  the  precipi- 
tate to  subside,  then  wash  quickly,  and  as  far  as  practicable  out 
of  the  contact  of  air,  with  water  to  which  some  ammoninm  sul- 
phide has  been  added.  Acidify  the  filtrate  with  hydrochloric 
acid,  heat,  filter  from  the  sulphur,  and  separate  the  alkali-earth 
metals,  as  directed  §  154.  If  the  filtrate  is  brownish  from  a 
little  diaeolved  nickel  sulphide,  make  it  alighily  acid  with  acetic 
acid  instead  of  with  hydrochloric  acid,  add  some  alkali  acetate, 
pass  hydrogen  sulphide,  boil,  and  filter. 

If  the  quantity  of  the  alkali-earth  metals  is  rather  consider- 
able, it  is  advisable  to  treat  the  slightly  washed  precipitate  once 
more  with  hydrochloric  acid  (in  presence  of  nickel  or  cobalt,  it 
is  not  necessary  to  effect  complete  solution),  heat  the  Bolution 
gently  for  some  time,  and  then  reprecipitate  in  the  same  way. 

pf  we  have  merely  to  effect  removal  of  nickel  and  cobalt, 
we  may  also,  after  m^ing  nentral  or  slightly  alkaline  with  am- 
monia, acidify  tUgkUy  with  acetic  acid,  add  alkali  acetate,  heat, 
and  while  boiling  pass  H,S  gas  through  the  solution.    Presence 
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of  ammoDium  salts  facilitates  separation  of  the  nickel  and 
cobalt.    Compare  §  79,  e.] 

B.  Special  Methods. 

1.  BaBIDM  AKD  ST&ONTinM  FBOH  TBB  WHOLE  OF  THE  MbTILE  il 

OF  THE  Fourth  Geoci". 

Precipitate  the  barium  and  strontium  from  the  slightly  acid 
solution  with  Bulphnric  acid  (§§  101, 102),  The  barium  sulpliate 
should  first  be  washed  with  water  acidified  with  hydrochloric 
acid,  but  even  then  you  cannot  be  sure  of  getting  it  free  from 
iron.  The  sulphates  after  weighing  must  therefore  always  be 
tested  for  iron,  etc. 

2.  Zing  fboh  the  Aleali-eabth  Hetalb.  60 
Convert  the  basic  metals  into  acetates,  and  precipitate  the 

zinc  from  the  solution  accordiug  to  §  108,  1,  h. 

3.  Ferbio  Ibon  from  the  Aleali-eabth  Metals.  61 
a.  Miy  the  somewhat  acid  solution  with  enough  ammonium 

chloride,  boil,  add  slight  excess  of  ammonia,  boll  till  the  escess 
of  the  latter  is  nearly  expelled,  and  filter.  The  solution  is  free 
from  iron,  the  precipitate  is  free  from  calcium,  barium,  and 
strontium,  but  contains  a  very  slight  trace  of  magnesium  (E. 
BosE  *).  In  delicate  analyses,  after  moderately  washing  tbe 
ferric  hydroxide,  redissolve  it  in  hydrochloric  acid,  and  repeat 
the  precipitation. 

h.  Precipitate  the  iron  as  basic  ferric  acetate  or  formate, 
compare  71,  The  method  is  good,  and  can  frequently  be 
employed. 

c.  Decompose  the  nitrates  by  heat  (38).     A  good  metbod,t 

4.  Mahgahese  FBOH  Calcicm  and  Maokesich.  W 
[The  solntion  must  not  contain  ammonium  salts.  The  man- 
ganese, calcium,  and  magnesium  may  be  present  as  chlorides, 
nitrates,  or  acetates  (or  sulpiiates  if  but  little  calcium  is  in  the 
solution  and  care  be  taken  to  avoid  deposition  of  calcinm  sul- 
pliate).  Neutralize  any  free  acid  which  may  be  present  by 
adding  sodium  carbonate  till  a  slight  precipitate  is  formed. 
Redissolve  tliie  precipitate  by  the  addition  of  just  sufficient  HGl. 
Add  next  sodium  acetate  to  the  solntion,  then  aqueous  solnttou 

•  Pogg,  Annal.  100,  800. 

t  Compare  Latbchimow,  ZeitBchr.  f.  anal  Chem.  7,  S18. 
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ul  bromine.  The  solution  Blioald  at  this  point  be  rather  dilute. 
Expose  to  a  temperature  of  50°  to  70°  a  few  hours,  till  free 
bromine  is  all  or  nearly  all  expelled  from  the  Bolntion,  and 
filter.  Test  the  filtrate  by  adding  more  sodium  acetate  and 
more  bromine  water,  and  warming.  The  manganese  is  pre- 
cipitated as  hjdrated  dioxide  whidi  is  liable  to  contain  soda. 
If  the  quantity  is  vePy  small,  it  may,  unleas  great  accuracy  ia 
required,  be  converted  by  ignition,  after  careful  washing  with 
hot  water,  directly  into  Mn,0„  and  weighed.  If,  however,  the 
quantity  is  considerable,  it  abonld  be  dissolved  in  HCl  and 
converted  into  some  other  suitable  form  for  weighing. 

According  to  Finkehsb,*  manganese  dioxide  precipitated  as 
above  described  (except  using  chlorine  instead  of  bromine)  from 
a  solution  containing  the  alkah-earth  metals,  will  not  be  entirely 
free  from  the  latter,  especially  from  barium  if  that  is  present. 
He  recommends  to  dissolve  the  manganese  precipitate  and 
reprecipitate  boiling  hot  with  ammonium  sulphide,  by  which 
means  pure  manganese  sulphide  is  obtained.  GiBBsf  observes 
that  when  manganese  is  separated  from  zinc,  calcium,  and  mag- 
nefliuin  by  the  above  process  (precipitation  as  binoxide),  a  repe- 
tition of  the  process  is  necessary  to  secure  good  results ;  but  in 
case  manganese  is  to  be  separated  only  from  caldum  and  mag- 
nesium, the  second  treatment  may  be  omitted.^] 

'   S.  Cobalt,  Nicsel,  and  Zmo,  fbou  £abium,  SraoirrnTM, 
ASD  Calciol 

Mix  with  sodium  carbonate  in  excess,  add  potassium  cyanide,  63 
heat  very  gently,  until  the  precipitated  carbonates  of  cobalt, 
nickel,  and  zinc  are  redissolved ;  then  filter  the  alkali-earth  cai-- 
bonatee  from  the  solution  of  the  cyanides  in  potassium  cyanide. 
The  former  are  dissolved  in  dilute  hydrochloric  acid,  and  sepa- 
rated according  to  §  164 ;  the  latter  are  separated  according  to 
§  160  (Haidleit  and  Fbesknius§). 

*  Haadbncb  d.  u>a1.  Chem.  v.  H.  Boas.  B  Anfl.  v.  TnrsxiiER,  3,  825. 

I  Zeitwbr.  f.  Bnal.  Chem.  8.  831. 

t  E.  A.  CoLBT  (priv.  coDtrib.)  finds,  bj  ezpeiimeDts  made  In  tbe  Sbeffleld 
Laboratory  on  tbe  uparBtlon  of  Ca  from  Hn,  that  hj  proceediDg  aa  above 
directed  only  a  slight  uaneighable  trace  of  Ca  goes  down  with  the  Hn;  white 
if  tbe  amount  of  free  acetic  acid  is  moderately  iocreaaed.  the  maDganese  is  pre- 
cipitated mtirelyfreg  from  calcium.  Too  much  acetic  acid,  however,  preventa 
or  delays  precipitation  of  Mn. 

%  Anoal.  d.  Chem.  u.  Pharm.  48,  140. 
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m.  Separation  of  thb  Mettals  of  thb  Fonert  Gbocp 

FBOM  THOSE  OF  TBE  ThIBD,  AJID  FHOM  EACH  OTHES. 

§  160. 

Ihsbx.    (The  nnmbera  refer  to  those  In  the  margfu.) 
JlumiWum  from  Eioc,  64,  66,  Tl,  73.  78,  ^. 
"  manganese,  M,  65,  66,  71,  73. 

nickel  and  cobalt,  64.  65,  68,  71.  73. 
ferrous  iron.  64.  65,  06.  71. 
ferric  iron.  60,  66,  76,  83. 
Chromutm  from  zinc,  tnangaDese,  nicliel,  coLftIt,  and 
iron,  64, 65.  77.  78. 
"  ferric  iron.  65.  77,  78, 

^nc  from  aluminium,  64,  65,  71,  72,  78,  80. 
"        chromium,  64,  65,  77,  78. 
"        manganese.  6S,  78,  74,  7S. 
nickel,  74,  75. 
cobalt,  74,  7S.  79,  83. 
ferric  iron,  64.  70,  71,  73. 
Xmganete  from  alumialum,  04,  66,  66,  71, 12, 
"  chromium,  6*.  65,  77,  78. 

rinc,  69,  78,  74,  75. 
nickel,  69.  85. 
cobalt,  78,  85. 
ferric  iron,  64,  70,  71,  73. 
IRd^  from  aluminium.  64,  05,  68.  71,  73,  Sa 
"  chromium.  04,  05.  98,  94 

anc,  74,  75. 
"  manganese,  09,  85. 

cobalt,  79,  81. 

ferric  iron,  64,  68,  70,  71,  72. 
CbftoK  from  aluminium,  64,  65,  68,  71,  73,  80l 
"  cbromium,  64.  65.  77,  78, 

rinc,  74.  75,  79,  83. 
"  manganese,  79,  85. 

nickel,  79,  81. 

ferric  iron.  04,  68,  70,  71,  73. 
thnvat  iron  from  aluminium,  64,  05,  60. 
"  chromium,  04,  65,  77,  78. 

ferric  iron.  6*.  71.  78.  8t 
ArHbirmfnun  aluminium.  65.  66.  76.  83l 
"  cbromium.  05.  77.  78. 

"  rinc,  04.  70.  71.  73. 

**  tnanganeae,  64,  70,  71,  73. 

••  nickel,  64.  68,  70,  71,  73. 

"  cobalt.  6*.  68.  70,  71,  73. 

"  ferroua  iron,  64,  71,  73,  81. 
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BASES  OF   GBODP  IV. 


A.  General  Methods. 


1.  Jtfeihod  based  upon   the  Precipitation  of  some 
Basic  Radicals  by  Saritun  Carbonate. 
Febbic  Iron,  Aluminhtm,  and  Chrohium,  pboh  all  omsB 
Babio  Radicals  of  the  Foijeth  Ghoup. 

Mix  tlie  safficientlj  dilute  solution  of  the  chlorides  or  84 
nitratea,  but  not  Bnlphates,  which  mitst  contain  a  little  free 
acid,*  in  a  flaak,  with  a  moderate  excess  of  bnriuiu  carbonate 
diffused  in  water ;  cork,  and  allow  to  stand  some  time  in  the 
cold,  with  occasional  shaking.  The  ferric  iron,  aluminium,  and 
chrominm  are  completely  eeparated,f  whilst  the  other  basic 
radicals  remain  in  solntion,  with  the  exception  perhaps  of  traces 
of  cobalt  and  nickel,  which  will  generally  fall  down  with  the 
precipitate.  This  may  be  prevented,  at  least  as  regards  nickel, 
by  addition  of  ammonium  chloride  to  the  fluid  to  be  precipi- 
tated (ScHWABZENBEEo:^).  Decant,  stir  np  with  cold  water, 
allow  to  deposit,  decant  again,  filter,  and  wash  with  cold  water. 
The  precipitate  contains,  besides 
the  precipitated  metals,  barium  car- 
bonate ;  and  the  filtrate,  besides  the 
non-precipitated  metals,  a  barium 
■  salt. 

If  ferrous  iron  is  present,  and 
it  is  wished  to  separate  it  by  this 
method  from  ferric  iron,  etc.,  the 
air  must  be  excluded  during  the 
whole  of  the  operation.  In  that 
case,  the  solution  of  the  substance, 
the  precipitation,  and  the  washing 
by  decantation,  are  effected  in  a 
flask  (A,  fig.  68),  through  which 
carbonic  acid  is  transmitted  (d). 
The  wafihing  water,  boiled  free  from  air,  and  cooled  out  of  con- 
tact of  air  (preferably  in  a  current  of  carbonic  acid),  is  poured  in 
through  a  fnnnel  tube  (o),  and  the  fluid  drawn  off  by  means  of 

*  If  there  Is  much  free  acid,  the  greater  part  of  It  must  first  be.satuialBd 
yfiOx  Bodlum  carbonate. 

f  The  aeparatloii  of  the  chromium  requliea  the  mcwt  time. 
t  Aaiui.  d.  Chem.  u.  Fbarm.  97,  aiS. 
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a  movable  eyphon  (5) ;  all  the  tabes  are  fitted  Mr-tight  into  the 
cork ;  ihej  are  smeared  with  tallow. 

2.  Method  baaed  ■upon  the  Precipitation,  of'  the  JfetaU 
of  the  Fourth   Group  by  Sodium  Sulphide  or  Ammo- 
nium  Sulphide,  from  Alkaline  Solution  eff'ected  with 
the  aid  of  Tartaric  Add. 
ALUumnrH  akd    CKaomtiH    tbom  the  Hbtals  op  tbb 

FODBTH    GbODP. 

Mix  the  fiolation  with  pore  normal  potassinm  tartrate,*  then  61 
with  pure  solutiOD  of  soda  or  potassa  nntil  the  flnid  has  cleared 
again  ;t  add  sodium  sulphide  as  long  as  a  precipitate  forms, 
allow  it  to  deposit  nntil  the  enperoatant  flnid  no  longer  exhibits 
a  greenish  or  brownish  tint;  decant,  stir  the  precipitate  up 
with  water  containing  sodium  sulphide,  decant  again,  transfer 
the  precipitate,  which  contains  all  the  metals  of  the  fourth 
group,  to  a  filter,  wash  with  water  containing  sodiom  sulphide, 
and  separate  the  metals  as  directed  iu  6.  Add  to  the  filtrate 
potassium  nitrate,  and  evaporate  to  dr^ees;  fose  the  residue 
in  a  platinum  dish,  and  separate  the  alnraimom  from  the 
chromic  acid  formed  as  directed  §  157.  If  yon  have  merelj  to 
separate  alumininm  from  the  metals  of  the  fonrth  group,  it  is 
better,  after  addition  of  potassinm  tartrate,  to  sapersaturate 
with  ammonia,  add  anmioninm  chloride,  and  precipitate  in  a 
flask  with  ammonium  sulphide.  When  the  precipitate  has  set- 
tled it  is  filtered  off  and  washed  with  water  containing  ammo- 
ninm  sulpliide.  The  filtrate  is  evaporated  in  a  platinum  dish 
with  sodium  carbonate  and  potassium  nitrate  to  dryness,  fused, 
and  the  alnminium  determined  in  the  residue. 

B.  Special  Methods. 
1.  Methods  baaed  upon  the  Soluhili^  of  AJAtminivtri. 
Hydroxide  in  Caustic  Alkalies, 
a.  Aluionium  from  Febbodb  Aim  Febbic  Iboh,  and  Small 
QuAOTTTiES  OF  Mamganeek  (but  not  from  nickel  and  cobalt). 
Hix  the  hydrochloric  solution  with  sodium  carbonate  or  K 

*  Tartanc  acid  often  txtatalos  aluminium,  therefore  this  ia  best  nude  from  Uk 
add  tartrate. 

I  Chromium  and  zinc  cannot  in  obtained  together  In  alkaline  Mlutioe 
( (CuAXCEit  GoiqpL  rend.  48,  937;  Joura.  f.  prakU  Chem.  TO,  S78>. 
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pure  potash  till  the  greater  part  of  the  free  acid  is  neatralized, 
and  pour  the  solntion  gradually  into  excess  of  ptire  potash 
heated  nearly  to  boiling  in  a  platinnin  or  silver  dish,  stirring  all 
the  while.  Porcelain  does  not  answer  so  well,  and  glass  should 
on  no  accoant  be  nsed.  The  iron,  if  present  as  ferric  chloride, 
separates  as  ferric  hydroxide,  while  the  aliunininm  remains  in 
solution  as  alkali  alnminate.  Hydrated  protosesquioxide  of 
iron  is  more  easy  to  wash  than  ferric  hydroxide,  hence  when 
mnch  iron  is  present  it  is  better  to  rednce  a  part  by  cautiously 
adding  sodinm  enlphite  and  heating,  so  that  when  the  solution 
is  added  to  the  boiling  potash  a  black  grannlar  precipitate  may 
be  formed.  The  iron  precipitate  is  sure  to  contain  alkali,  and 
most  be  dissolved  in  hydrochloric  acid,  the  solution  boiled  with 
nitric  acid  if  necessary,  and  repreeipitated  with  ammonia. 

To  the  alkaline  filtrate  add  a  few  drops  of  hydrochloric 
acid.  If  the  potash  was  present  in  sufficient  excess  the  precipi- 
tate will  redissolve  readily  on  stirring.  Continue  adding  hydro- 
chloric acid  till  in  excess,  boil  with  a  little  potassium  chlorate 
(to  destroy  traces  of  organic  matter),  concentrate  by  evapora- 
tion, and  throw  down  the  aluminium  according  to  §  105,  a. 
The  above  is  the  best  method  of  procedure,  but  it  is  always  to 
be  feared  that  small  quantities  of  aluminium  will  be  retained 
by  the  iron  precipitate. 

h.  AumiNinM  raoM  FEBBona  amo  Febbic  Ibos",  Cobalt, 
AKD  Nickel. 

Fuse  the  oxides  with  potassium  hydroxide  in  a  silver  cru-  67 
cible,  boil  the  mass  with  water,  and  filter  the  alkaline  fluid, 
which  contains  the  alnminium,  from  the  oxides,  which  are  free 
from  aluminium,  bnt  contain  potafsa  (II.  Hose). 

2.  Methidi  baaed  on  the  different  behavior  of  Am- 
monia or  Awmonium  Ca/rb&nate  mi  the  pretence  of  Chlo- 
ride with  solutlone  of  certain  basic  radicals, 
a.  Aluhiniom  Ainj  Febbio  Ikok  fkom  Cobalt  and  Nickel. 
Ferric  iron  may  be  completely  separated  from  these  metals  68 
by  mixing  the  hot  solution  with  ammonium  chloride,  and  tlien 
with  excess  of  ammonia,  digesting  for  several  liours,  washing 
the  precipitate,  redissolving  in  hydrochloric  acid,  reprecipitating 
with  ammonia,  and  repeating  the  operation  a  third  time.   Nickel 
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and  cobalt  are  to  be  precipitated  from  the  filtrate  after  coacoi- 
tration  to  a  email  Tolnme,  as  directed  in  §  110,  1,  b,  /3. 

In  separating  iron  and  aluminium  from  nickel  and  cobalt, 
it  is  well  to  sabetitute  ammoninm  carbonate  for  ammonia,  to  as 
to  insure  the  complete  precipitation  of  the  aluminium. 

h.  !Mangakese  fboh  Nickel  and  Zmc. 

The  solution  should  be  slightly  acid  and  contain  ammonium  69 
chloride.  Precipitate  the  manganese  as  white  carbonate  with 
ammoninm  carbonate,  allow  to  settle  in  a  warm  place,  filter 
through  a  thick  paper,  if  necessary  double,  wash  with  hot  water, 
dry  the  precipitate  and  convert  it  into  protOEeaquioxide  byi^- 
tion  with  access  of  air.  This  excellent  method  was  proposed 
by  Tamm,*  and  has  given  me  good  results.!  It  is  not  adapted 
to  the  separation  of  cobalt  from  manganese,  as  the  former  is 
partly  precipitated  with  the  latter. 

3,  Method  hosed  tipon  the  different   deportmejU  <^ 
neutralised  SolutioTis  at  hoUing  heat, 

a.  Fesric  Iron  from  Manganese,  Nickel  asd  Cobalt, 
AND  other  strong  Basic  Metalb,  afteb  Heeschbl,^  Schwaez- 

ENBERQ,§   AND    MY   OWN    ExPBEIMENTS. 

Mix  the  dilute  solution  largely  with  ammoninm  chloride  (at  70 
least  40  of  NH.Cl  to  1  of  MnO,NiO,  tfec),  add  ammoninm 
carbonate  in  small  quantities,  at  last  drop  by  drop  and  in  reiy 
dilute  Eolution,  as  long  as  the  precipitated  iron  redissolres,  whicli 
takes  place  promptly  at  first,  but  more  slowly  towards  the  end. 
As  soon  as  the  fluid  Las  lost  its  transparency,  witLont  showing, 
however,  the  least  trace  of  a  distinct  precipitate  in  it,  and  fails 
to  recover  its  clearness  after  standing  some  time  in  the  cold, 
but,  on  the  contrary,  becomes  rather  more  turbid  than  othe^ 
wise,  the  reaction  may  be  considered  completed.  When  this 
point  has  been  attained,  heat  slowly  to  boiling,  and  keep  in 
ebullition  for  a  short  time  after  the  carbonic  acid  has  beeo 
entirely  expelled.  The  iron  separates  a£  a  basic  ferrie  salt, 
which  rapidly  settles,  if  the  solution  was  not  too  concentrated. 
Pour  off  the  hot  fluid  through  a  filter  and  wash  by  decantatioo 
combined  with  filtration  with  boiling  water  containing  a  little 

•  Cliem.  News.  26,  37.  %  Annal.  de  Chim.  et  de  Pbjs.  49, » 

t  Zeitecbr.  f.  uml.  Cliem.  11,  435.    g  Anna),  d.  Chem.  n.  Pbsrm.  97.  tli 
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ammonium  chloride.  It  is  well  to  redifisolre  the  precipitate  in 
hydrochloric  acid,  and  throw  down  the  iron  with  ammonia. 
The  Hret  filtrate  should  be  mixed  with  exceea  of  ammonia.  If 
a  email  portion  of  ferric  lijdroxide  is  thrown  down  here,  filter 
it  ofi,  dissolve  in  hydrochloric  acid,  precipitate  with  ammonia 
and  thus  free  the  email  quantity  of  iron  entirely  from  the  strong 
basic  metals ;  if,  ou  the  other  hand,  a  larger  quantity  of  iron  is 
thrown  down,  this  is  a  eign  that  the  operation  has  been  con- 
ducted improperly,  and  the  hydrochloric  solntion  of  the  precipi- 
tate must  be  repreeipitated  as  abore.  The  fluid  should  not 
contain  mure  than  3  or  3  grm.  of  iron  in  the  litre,  and  should 
be  tolerably  free  from  sulphuric  acid,  as  when  this  is  present  it 
is  impossible  to  hit  the  exact  point  of  saturation. 

4.  Method  hosed  on  the  hehamor  of  the  Acetates  at  a 
hoUing  heai. 

Febbio  Iboit  akd  ALUKunuu  pboh  Mahoakese,  Zinc, 
CoBAX,T,  Nickel,  and  Febbodb  Ibon. 

The  metals  should  be  present  in  the  form  of  chlorides.  The  71 
solution  ahould  be  in  a  flask.  If  much  free  acid  is  present  first 
nearly  neutralize  with  sodium  or  ammonium  carbonate ;  the 
eolutioQ  should  remain  clear,  but  if  there  is  much  ferric  chloride 
it  should  be  of  a  deep  red  color.  Add  a  concentrated  Eolution 
of  neutral  sodium  or  ammonium  acetate,  not  in  large  excess,  and 
boil  for  a  short  time — long-continued  boiling  would  make  the 
precipitate  slimy.  When  the  lamp  is  removed  the  precipitate 
should  settle  rapidly,  leaving  the  supernatant  fluid  clear.  Wash 
the  precipitate  immediately  by  docantation  and  filtration  with 
boiling  water  containing  a  little  sodium  or  ammonium  acetate. 
In  very  particular  analyses  it  would  be  well  after  washing  the 
precipitate  a  little  to  rediesolve  it  in  hydrochloric  acid  and 
reprecipitate. 

In  separating  ferric  from  ferrous  iron  Reichaedt*  recom- 
mends a  slight  addition  of  ammonium  chloride  or  of  sodium 
chloride  to  prevent  oxidation  of  the  ferrous  salt 

The  precipitate  of  basic  ferric  acetate  or  basic  aluminium 
acetate  is  best  dissolved  in  hydrochloric  acid,  in  order  to  precipi- 
tate the  basic  metals  from  this  solution  again  by  ammonia. 

•  Zeitechc.  f.  anal.  Cbem.  6,  04 
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This  method  is  more  Boitable  to  the  separation  of  ferric  iron 
or  ferric  iron  and  alimmiiniu  from  the  strong  basic  metals 
than  to  tho  Beparation  of  alominiTini  alone.  It  is  a  good  method, 
and  ifi  very  generally  used. 

[The  results  obtained  by  this  method  depend  greatly  on  the 
proper  adjustment  of  free  acetic  acid  to  the  volame  of  the  aola- 
tioii  which  is  boiled.  The  solution  at  this  point  may  contain 
about  four  per  cent,  (by  volume)  of  acetic  acid  sp,  gr.  1-044 
(Jewbtt*).  If  too  little  acetic  is  present,  zinc,  manganese, 
nickel,  and  cobalt  are  precipitated  in  notable  gnaotity  along  with 
the  iron.  If  too  much  is  present  the  precipitation  of  iron  is 
incomplete.  The  operator  may  control  the  amount  of  acid 
■within  narrow  limits  by  proceeding  as  follows.  Add  the  alkali 
carbonate  to  the  cold  and  preferably  concentrated  solution  until 
a  slight  precipitate  forms  which  no  longer  redissolres  in  four 
or  five  minutes  with  occasional  shaking,  but  imparts  a  turbidity 
to  the  deep  red  solution ;  HCl  is  then  added  without  further 
delay,  slowly,  drop  by  drop,  until  the  fluid,  though  still  dark, 
becomes  clear.  Kext  the  amount  of  acetic  acid  required  to 
form  four  per  cent,  of  the  final  volnme  is  added,  then  sodinin 
acetate  (about  ten  times  as  much  of  the  crystallized  salt  as  there 
is  iron  present,  or  more  if  but  little  iron  is  present).  Dilute 
now  to  the  final  volume,  which  should  amount  to  at  least  100 
c.c.  per  "1  grm.  iron  and  heat  to  boiling.  After  boiling  two  or 
three  minutes  only,  allow  the  iron  precipitate  to  settle.  Pour 
the  clear  liquid  through  a  filter,  then  bring  tlie  precipitate  upon 
the  filter  at  once  and  wash  as  above  directed.  The  iron  pre- 
cipitate contains  no  zinc  and  but  an  inappreciable  trace  of  man- 
ganese. Small  quantities  of  cobalt  and  still  more  nickel  will, 
however,  be  precipitated  with  the  iron.  When  these  two  metak 
are  present  in  considerable  quantity  a  repetition  of  the  procos 
is  indispensible  when  accuracy  is  required.  Coprecipitation  of 
nickel  is  lessened  but  not  entirely  prevented  by  presence  of 
ammonium  chloridcf 

In  carrying  out  the  process  according  to  this  plan  great  care 
must  be  taken  in  tlie  preliminary  neutralization  with  alksli 
carbonate  to  leave  as  little  free  mineral  acid  as  possible  without 
formation  of  a  permanent  precipitate,  otherwise  this  free  aciii 

•  Am.  Chem.  Jour.  I.  2S1.  ^  Loe.  eO. 
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will  liberate  enoagti  acetic  acid  from  the  Bodinm  acetate  to 
preTent  (with  that  intentiooall;  added)  the  precipitation  of  iron 
in  a  form  easy  to  wash. 

In  Beparating  large  quantities  of  iron  from  small  quantities 
of  manganese  the  addition  of  2  or  3  per  cent,  of  acetic  acid  will 
Becnre  a  separation  satisfactory  enough  for  moet  purposes  (e.g. 
in  iron  and  iron  ores),  and  the  danger  that  the  acetic  acid  present 
may  accidentally  exceed  the  proper  limit  will  of  course  be 
lessened] 

5.  Method  hosed  on  the  differmit  hehtimor  of  ths  Sue^ 
(Anatet. 

Febsio  Ibon  (aiid  ALCKnnoM)  fbou  Zikc,  Manoansss, 

KlOSEL,   ASn   COBAT, 

The  solution  should  contain  no  considerable  quantity  of  sul-  73 
phuric  acid.  If  acid,  as  is  usually  the  case,  add  ammonia  till 
the  color  is  reddish  brown,  then  sodium  or  ammonium  acetate 
(H.  Boss)  till  the  color  is  deep  red,  finally  precipitate  with 
central  alkali  succinate  at  a  gentle  heat,  and  when  cool  6Iter  the 
ferric  succinate  from  the  solution  which  contains  the  rest  of  the 
metals.  Wash  the  precipitate  first  with  cold  water,  then  with 
warm  ammonia,  which  removes  the  greater  part  of  the  acid, 
leaving  it  darker  in  color.  Dry  and  ignite,  moisten  with  a 
little  nitric  add,  and  ignite  again.  With  proper  care  the  sepa- 
ration is  complete,  and  especially  to  be  recommended  Vhen  a 
relatively  lai^  quantity  of  iron  is  present.  The  method  may 
also  be  used  in  the  presence  of  aluminium.  The  latter  falls 
down  completely  with  the  iron  (E.  MrrscHEEucH,  Pagels*). 

6.  Methods  based  upon  the  differmi  deportment  of  the 
several  Svlphides  with  Adds,  or  of  Add  Solutions  with 
hydrogen  Sulphide. 

a.  Zinc  fbom  Altdhnium  and  Mahoamebb. 

The  solution  of  the  acetates,  which  must  be  free  from  in-  73 
organic  acids,  and  must  contain  asufiScient  excess  of  acetic  acid, 
is  precipitated  with  hydrogen  sulphide,  which  throws  down  the 
zinc  only  (§  108,  h).     The  metals  are  usually  most  readily 
obtained  in  the  form  of  acetates,  by  converting  them   into 

*  Jabresber.  t.  Kofp  u.  Wn.L.  1S58,  617. 
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ealphates,  and  adding  a  Eufficicnt  qaantity  of  barinm  acetate. 
Hydrogen  sulphide  is  then  conducted,  without  application  of 
heat,  into  the  niiSltered  fluid,  to  wliich,  if  necessary,  some  more 
acetic  acid  has  been  added.  The  precipitate,  which  consists  of 
a  mixture  of  zinc  sulphide  and  barium  sulphate,  is  washed 
with  water  containing  hydrogen  sulphide.  It  is  then  heated 
with  dilute  hydrooblorio  acid,  the  solution  filtered,  and  the  zine 
in  the  filtrate  determined  as  directed  §  108,  a.  The  other 
metals  m%  determined  in  the  fluid  filtered  from  the  zinc  sul- 
phide, after  removal  of  the  barium  by  precipitation.  BsuNNEBf 
has  proposed  a  modification  of  this  process,  especially  for  the 
separation  of  zinc  from  nickel. 

h.  Zinc  fbom  Nickel,  Cobalt,  and  Manoanese. 

To  tlie  hydrochloric  solution  add  sodium  carbonate  till  a  74 
permanent  precipitate  just  forms,  and  then  a  drop  or  two  of 
hydrochloric  acid  to  redissolve  the  precipitate.  Now  pass 
hydrogen  sulphide  till  tlie  precipitate  of  zinc  sulphide  ceases  to 
increase.  Add  a  few  drops  of  a  very  dilute  solntion  of 
Eodinm  acetate,  and  continue  passing  the  gas  for  some  time. 
When  all  the  zinc  is  precipitated,  allow  to  stand  for  twelve 
hours,  filter,  wash  with  hydrogen  sulphide  water,  and  determine 
the  nickel  and  cobalt  in  the  filtrate  (SHrrH  and  Bbuxnek*)  A 
good  method ;  compare  Elate  and  DEus.t  The  method  is 
also  adapted  for  separating  zinc  from  manganese. 

[I'recautione. — Bear  in  mind  that  Zn  can  be  precipitated 
from  solutions  containing  free  HCI,  but  only  in  case  tlie 
amount  of  the  latter  is  very  smalL^  When  ZnS  is  precipi- 
tated the  amount  of  HCI  set  free  may  be  sufficient  to  prevent 
complete  precipitation  of  the  Zn.  Addition  of  sodium  acetate 
converts  this  HCI  into  NaCl,  and  allows  the  formation  of  ZnS 
to  continne.  Cai-e  must  be  taken  not  to  add  enough  sodium 
acetate  to  convert  aU  the  HCI  into  NaCl,  for  in  that  case  NiS 
and  CoS  will  be  precipitated.] 

c.  Zrac  FROM  Nickel  Cobalt,  and  Mavqanese. 
[Zinc  can  be  precipitated  by  hydrogen  sulphide  from  a  cold  75 
solntion  containing  a  sufficient  amount  of  free  acetic  acid  to 

*  DiDgler's  polyt  Joura.  150,  SeS;  Cbem.  Ceatralbl.  18S9,  SS. 

t  ZdtBchr.  f.  anal.  Cbem.  10,  200. 

t  Stoheb  and  Eliot,  Hem.  Am.  Acad.  Arts  and  Sciences,  vliL  96. 
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prevent  precipitation  of  nickel  and  cobalt.  To  effect  separation 
by  this  moans*  add  sodinm  or  potaseinm  carbonate  to  the  solu- 
tion till  it  is  slightly  allcaline.  If  a  lai^  qtiantity  of  any  free 
volatile  acid  is  present  it  may  be  previonely  removed  by 
evaporation.  Diseolve  the  precipitate  produced  by  the  alkali 
carbonate  (without  filtering)  Iq  acetic  acid,  and  add  a  large 
quantity  more  of  acetic  acid.  Precipitate  the  zinc  by  passing 
H,S  through  the  cold  moderately  diluted  solution.  "Wash  the 
sulphide  of  zine  with  water  to  which  hydrogen  sulphide  and  a 
little  ammonium  acetate  has  been  added.  The  zinc  sulphide 
shoald  not  be  dark-colored.  This  will  only  be  the  case  when 
not  enough  acetic  is  present  to  prevent  precipitation  of  nickel 
or  cobalt.  Cobalt  and  nickel  may  be  best  separated  from  the 
filtrate  by  evaporating  till  the  greater  part  of  the  acetic  acid  ia 
removed,  then  adding  some  ammonium  chloride  and  ammonia 
to  Blight  alkaline  reaction,  evaporating  further  till  the  reaction 
becomes  acid,  heating  finally  to  boiling,  and  passing  hydrogen 
sulphide  through  the  solution,  as  directed  in  §  110,  1,  b,  /?. — A 
good  method.] 

7,  Different  deportmerii  of  the  several   Oxides  vsith 
Hydrogen,  Oas  at  a  red  heat. 

Fesbic  Ikon  fbom  ALmiiKiuu  akd  Chbohium. 

[Precipitate  with  ammonia,  beat,  filter,  ignite,  and  weigh.  76 
Tritnrate,  and  weigh   off  a  portion  in  a  porcelain  crucible. 
Ignite  to  redness  in  a  stream  of  hydrogen  gas  as  long  as  water 
forms  (about  one  hour).     Then  ignite  over  the  blast-lamp  in  a 
current  of  mixed  hydrogen  and  bydrocbloric  acid  gases. 

This  leaves  aluminium  and  chromium  oxides  in  a  state  of 
purity ;  the  iron  volatilizes  as  ferrous  chloride,  and  is  determined 
by  the  loss.  (Method  of  Rivor  and  Deville  modified.)  This 
method  is  further  modified  by  Cooke,!  who  by  means  of  a 
platinum  boat  in  a  platinnm  tube  ignites  the  mixed  oxides  over 
a  Bnnsen  lamp  half  an  hour  in  a  current  of  hydrogen,  then 
alternately  in  HCl  gas  and  hydrogen  till  the  light  color  shows 
that  iron  has  been  removed.] 

*  Rose  &nd  FnnEEXEK,  Anal.  Cliem.  iL  139  and  148. 
t  Zeitecbr.  f.  aoal.  Cbem.  6.  3SM. 
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8.  Methods  haaed  itpon  tAe  different  capaeUy  of  tk 
aeoeral  Oxides  to  he  converted  hy  Oxidizing  AgenU  inio 
higher  Oxides,  or  hy  ChloHne  irUo  higher  Chlorides. 

a.  Chbomiijk  fboh  all  the  Metals  op  the  Fodbth  Cieodp, 
AND  FBOM  AiMmsmu. 

Fnee  the  oxides  with  potasainiQ  nitrate  and  eodinm  carbon-  7T 
ate  (comp.  61),  hoil  the  mafis  with  water,  add  a  small  quantity 
of  alcohol,  and  heat  gently  for  several  hoots.  Filter  and  dete^ 
mine  in  the  filtrate  the  chromium  as  directed  §  130,  and  in  the 
residue  the  metals  of  the  fourth  group.  The  following  is  tlie 
theory  of  this  process:  the  oxides  of  zinc,  cobalt,  nickel,  iron, 
and  partly  that  of  manganese,  separate  npon  the  fusion,  whilst, 
on  the  other  hand,  potassium  manganate  (perhaps  also  some 
ferrate)  and  chroraate  are  formed.  Upon  boiling  with  water, 
part  of  the  manganic  acid  of  the  potassium  manganate  is  con- 
verted into  permanganic  acid  at  the  expense  of  the  oxygen  of 
another  part,  which  is  reduced  to  the  state  of  binozide ;  the 
latter  separates,  whilst  the  potassium  salts  are  dissolved.  The 
addition  of  alcohol,  with  the  application  of  a  gentle  heat,  effects 
the  decomposition  of  the  potassium  manganate  and  permanga- 
nato,  maiigiincse  binoxide  being  separated.  Upon  filtering  the 
mixture,  we  have  therefore  now  the  whole  of  the  chromium  in 
the  filtrate  as  alkali  chromate,  and  all  the  oxides  of  the  fourth 
group  on  tlie  filter.  Aluminium,  if  present,  will  be  found  partly 
in  the  residue,  partly  as  alkali  alumiuate  in  the  filtrate ;  proceed 
with  the  latter  according  to  61. 

If  you  have  to  deal  with  tiie  native  compound  of  sesqui- 
oxide  of  chromium  with  protoxide  of  iron  (chromic  iron)  the 
above  method  does  not  answer.  Tliis  substance  may  be  decom- 
posed by  fusion  with  cryolite  and  potassium  disnlpliate.* 

h.  The  radicals  to  be  separated  may  be  in  tie  form  of  a  78 
solution  of  their  salts;  nearly  neutralize  the  solution,  add 
sodium  acetate,  heat  and  convert  the  chromium  into  chromic 
acid  by  passing  chlorine,  compare  53.  If  ferric  iron  and 
aluminium  are  present,  they  will  separate  during  boiling  by  the 
action  of  the  sodium  acetate,  white  the  chromic  acid  and  any 
zinc  will  remain  in  solution.  If  manganese,  nickel,  and  cobalt 
are  present,  the  method  loees  its  simplicity ;  the  manganese  is 
precipitated  as  hydrated  peroxide  with  a  portion  of  tlie  cobalt, 
*  GiBBB  and  Clark,  Am.  Joar.  8ci.  n  t&t.  48. 198, 
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almoet  the  whole  of  the  nickel  and  Bome  zinc,  while  the  chromic 
acid  remains  in  solution  with  the  principal  atnoaut  of  the  zinc 
and  the  rest  of  tlie  cobalt  and  nickel  (W.  Gibbs). 

9.  Method  hosed  upon  the  Mffereni,  deportment  of  Hie 
Nitrites. 

Cobalt  fbom  Nickel,  also  fbom  Masqanbbb  Aim  Zmo. 

The  Beparation  of  cobalt  as  tripotasainm  cobaltic  nitrite  was  79 
recommended  first  by  Fischeb,*  afterw^mis  by  A.  SiKOMEYEBjt 
Genth  and  Gibbs,!  H,  Eobb,§  Fe,  Gadhb,]  and  myself  (com- 
pare last  edition  of  this  work).  The  resnlte  are  quite  satisfac- 
tory both  in  presence  of  mnch  cobalt  and  little  nickel,  and  in 
the  presence  of  little  cobalt  and  mnoh  nickel ;  but  the  process 
is  pecaliarly  good  for  the  latter  case.  However,  it  is  absolutely 
necessary  that  barium,  strontinm,  and  calcinm  should  be  absent, 
as  in  their  presence  nickel  is  thrown  down  as  triple  nitrite  of 
nickel,  potassium,  and  alkaU-earth  metal  (Kunzel,  O.  L.  Ebi>- 
kannT^).  The  best  way  of  proceeding  is  as  follows:  The 
Bolation  (from  which  any  iron  most  first  be  separated)  is  evapo- 
rated to  a  small  bulk,  and  then,  if  much  free  acid  is  present, 
nentralized  with  potasea.  Then  add  a  concentrated  solution  of 
potaseinm  nitrite  (previously  neutralized  with  acetic  acid  and 
filtered  from  any  flocks  of  silica  and  alumina  that  may  liave 
separated)  in  sufBcieut  quantity,  and  finally  acetic  acid,  till  any 
floccnlent  precipitate  that  may  have  formed  from  excess  of 
potaesa  has  redissolved  and  the  fiuid  is  decidedly  acid.  Allow 
it  to  stand  at  least  for  twenty-four  hours  in  a  warm  place,  take 
ont  a  portion  of  the  supernatant  fluid  with  a  pipette,  mix  it  with 
more  potassium  nitrite,  and  observe  whether  a  further  precipita- 
tion takes  place  in  this  after  long  standing.  If  no  precipitate  is 
formed  the  whole  of  the  cobalt  has  fallen  down,  otherwise  the 
small  portion  must  be  returned  to  the  principal  solution,  some 
more  potassium  nitrite  added,  and  after  long  standing  the  same 
test  applied.  Thus,  and  thus  alone,  can  the  analyst  bo  sure  of 
the  complete  precipitation  of  the  cobalt.  Finally  filter  and 
treat  the  precipitate  according  to  §  111,  1,  d.     Boil  the  filtrate 

*  Fogg.  Anna).  78,  4T7.  %  lb.  104,  809. 

I  AnimL  d.  Cbem.  u.  Pbarm.  96,  318.         g  Pogg.  Annul.  110,  412. 

I  Zeitschr.  f.  soaL  Chem.  S,  74. 

1  Zeltechr.  f.  anal  Chem.  8. 161;  Journ.  f.  prakt  Chem.  97,  887. 
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with  excess  of  hydrochloric  acid,  precipitate  with  potash,  redis- 
solve  the  precipitate  in  hydrochloric  acid,  throw  down  the 
nickel  according  to  §  110,  1,  b,  a  or  P,  as  sulphide,  and  then 
convert  into  metal.  In  this  manner  alone  can  the  nickel  be 
obtained  pure,  as  the  original  filtrate  contains  so  much  alkali 
salt  and  also  generally  alumina  and  silica. 

[When  nickel  and  cobalt  are  obtained  in  the  form  of 
BQiphideB  in  the  process  of  eeparation  from  other  metals,  the 
mixed  sulphides  may  be  converted  into  metals  without  previona 
separation,  by  the  same  process  that  is  described  for  nickel 
sulphide  §  110,  1,  h,  and  2.  Cobalt  may  then  be  separated 
from  a  nitric  acid  solution  of  the  two  metals  and  nickel  estimated 
•  by  difEerence.] 

10.  Methods  based  upon  ifte  different  deporimeni  tciih 
Poidssium  Cyanide. 

a.  ALHHINinM   FBOH   ZiNC,  CoBALT,  AND   NiCKEL. 

Mix  the  solution  with  sodium  carbonate,  add  potassium  U 
cyanide  in  sufficient  quantity,  and  digest  in  the  cold,  until  the 
precipitated  zinc,  cobalt,  and  nickel  carbonates  are  redissolved. 
Filter  off  the  undissolved  aluminium  precipitate,  wasli,  and 
remove  the  alkali  which  it  containg,  by  resolution  in  hydro- 
chloric acid  and  reprecipitation  by  ammonia  (Fbesehics  and 
Haidlen  *). 

b.  Cobalt  from  Nickel. 

Liebiq's  method,'!'  which  depends  upon  the  conversion  of  81 
the  cobalt  into  potassium  oobalticyanide,  and  of  the  nickel  into 
double  nickel  and  potassium  cyanide,  has  been  carefully  stadied 
in  my  laboratory  by  Fe.  Gache.J  It  has  been  thus  found  that 
boiling  the  solution  containing  potassium  cyanide  and  hydro- 
cyanic acid  (Liebiq's  first  method)  does  not  completely  convert 
the  double  cobalt  and  potassium  cyanide  first  formed  into 
potassium  oobalticyanide,  but  that  passing  chlorine  (Liebio's 
second  method)  effects  a  ready  and  thorough  conversion.  The 
method  then  gives  a  very  excellent  separation,  and  is  more  par- 
ticularly to  be  recommended  where  the  quantity  of  nickel  is 
small  in  proportion  to   the  cobalt.     We  proceed  as  follows, 

•  Anaal.  d.  Chem.  n.  Pbam.  43,  129.  f  R.,  «6,  844,  and  87, 1» 

}  Zeitacbr.  f.  anal.  Cbem.  0,  75. 
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taking  a  hydrochloric  solution  of  the  metals:  Bcmove  the 
greater  part  of  the  free  acid  by  evaporatioD  or  neutralize  it  by 
potaeh,  add  pure  potaseiam  cyanide  till  tlie  piecipitate  first 
formed  has  rediBSolved ;  then  add  more  cyanide,  dilute,  boil  for 
Bome  time  or  not,  as  you  like,  pass  clilorine  through  the  cold 
fluid,  adding  potash  or  soda  occasionally,  so  that  the  fluid  may 
remain  strongly  alkaline  to  the  end.  Bromine  may  be  used 
instead  of  chlorine,  and  indeed  is  far  more  convenient.  In  the 
coarse  of  an  hoar  the  whole  of  the  nickel  will  have  precipi- 
tated as  black  hydrate  of  the  sesqoioxide.  Having  taken  out  a 
portion  and  satisfied  yoni«elf  of  this  by  addition  of  a  further 
quantity  of  chlorine  or  bromine,  filter,  and  wash  with  hoUing 
water.  The  precipitate  always  retains  alkali,  and  must  he  redift- 
solved  in  hydrochloric  add,  and  estimated  according  to  §  110, 
1,  Oy  or  2. 

As  regards  the  cobalt,  it  is  most  convenient  to  estimate  it 
by  difierence.  But  if  you  wish  to  make  a  direct  estimation,  it 
will  be  advisable,  in  consequence  of  the  large  quantity  of  salts 
present  in  solution,  first  to  evaporate  to  dryness  with  excess  of 
hydrochloric  acid,  to  take  up  the  residue  with  a  little  water, 
and  to  heat  in  a  lat^  platinum  dish,  with  the  addition  of 
excess  of  pure  concentrated  sulphuric  acid  till  the  greater  part 
of  the  snlphuric  acid  has  escaped.  The  red  mass,  consisting 
principally  of  alkali  disulphate,  is  then  treated  with  water,  and 
the  cob^t  estimated  according  to  §  111,  1,  e. 

e.  Cobalt  from  Zinc. 

Add  to  the  solution  of  the  two  metals,  which  must  contain  82 
some  free  hydrochloric  acid,  common  potassium  cyanide  (pre- 
pared by  Liebig's  method),  in  sufficient  quantity  to  redissolve 
the  precipitate  of  cobalt  cyanide  and  zinc  cyanide  whicli  forms 
at  first ;  then  add  a  little  more  potassium  cyanide,  and  boil  some 
time,  adding  occasionally  one  or  two  drops  of  hydrochloric  acid, 
but  not  in  sufiicieut  quantity  to  make  the  solution  acid.  After 
cooling  add  some  chlorine  or  bromine,  and  digest  for  some 
time  to  complete  the  conversion  of  the  cobalt  into  potassinm 
cobalticyanide.  Mix  the  solution  with  hydrochloric  acid  in  an 
obliquely  placed  flask,  and  boil  until  the  zinc  cobalticyanide 
which  precipitates  at  first  is  redissolved,  and  the  hydrocyanic 
acid  completely  expelled.     Add  solution  of  soda  or  potassa  in 
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uxceEs,  and  boil  until  the  fluid  iB  clear ;  the  Bolotion  may  now 
be  assumed  to  contain  all  the  cobalt  as  potaseinm  cobalticyanide, 
and  all  the  zinc  as  a  componnd  of  oxide  of  zinc  and  alkali. 
Precipitate  the  zinc  by  hydrogen  sulphide  (§  108).  Filter,  and 
determine  the  cobalt  in  the  filtrate  as  in  81.  The  process  is 
simple  and  the  sepaiation  complete  (Fkesenius  and  Haidle!i). 

11.  Methods  based  upon  the  Votumetrio  Determina- 
tion of  oTie  of  the  NeUds,  and  ■ike  finding  qf  the  other 
from  the  difference. 

a.  Feeeio  Ibon  from  ALmmmiM, 

Precipitate  both  metals  with  ammonia  {§  105,  a,  and  §  113,  88 
1).  Dissolve  the  weighed  residue,  or  an  aliqnot  part  of  it,  hy 
digestion  with  concentrated  hydrochloric  acid,  or  by  fnsion  with 
bisnlphate  of  potassa  and  treatment  with  water  containing  sul- 
phuric acid,  and  detenuine  the  iron  volumetrically  as  directed 
§  113,  3,  a  or  J,  The  alumina  is  found  from  the  difference. 
This  is  an  excellent  method,  and  to  be  recommended  more  par- 
ticularly in  cases  where  the  relative  amount  of  iron  is  small 
If  you  have  enough  substance,  it  is  of  course  much  more  con- 
venient to  divide  the  solution,  by  weighing  or  measuring,  into 
2  portions,  and  detennine  in  the  one  the  sesqnioxide  of  iron  + 
alumina,  in  the  other  the  iron. 

h.  Ferric  Iron  from  Ferrous  Iros  (Zdto  ahd  Nickel). 

a.  Determine  in  a  portion  of  the  substance  the  total  amonnt  84 
of  the  iron  as  sesquioxiJe,  or  by  the  volumetric  way.  Dissolve 
another  portion  by  wanning  with  sulphuric  acid  in  a  flask 
through  which  carbonic  acid  is  conducted,  to  exclude  the  air; 
dilute  the  solution,  and  determine  the  protoxide  of  iron  voln- 
niotrically  (§  112,  2,  a).  Tlie  difference  gives  the  quantity  of 
tlio  sesquioxide.  Or,  dissolve  the  compound  in  like  manner 
in  hydrochloric  acid,  and  determine  the  ferric  chloride  with 
sodium  thiosulphate  according  to  §  113,  3,  h.  In  this  case  tbe 
difference  gives  the  ferrous  iron.  If  it  is  desired  to  determine 
the  ferrous  chloride  in  the  hydrocliloric  solution  directly,  it  will 
be  well  to  use  Pennt's  method  (§  112,  2,  h).  If  the  compound 
iu  which  the  ferrous  and  ferric  basic  radicals  are  to  be  estimated 
is  decomposed  by  acids  with  difficulty,  heat  it  with  a  inixtnre 
of  4  parts  sulphuric  acid  and  1  part  water  (or  with  hydrochloric 
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add)  iu  a  sealed  tube  for  2  hoars  at  210°  (BfrFSOHERUOHf). 
Or,  if  thiB  is  not  OQoagh,  fnA  it  with  borax  (1  part  mineral,  5 
to  6  vitriiied  borax)  in  a  small  retort,  connected  with  a  flask 
containing  nitrogen  (produced  by  combustion  of  pbosphoms  iu 
air) ;  an  atmosphere  of  carbonic  acid  is  less  snitable.  Triturate 
the  fused  mass  with  the  glass,  and  dissolve  in  boiling  hydro- 
chloric acid  ia  an  atmosphere  of  carbonic  acid  (Hekuamn  v. 
Kobell).  Or,  as  will  generally  be  the  best  way,  yon  may  dis- 
solve the  substance  in  a  mixture  of  hydrofluoric  and  hydro- 
chloric or  hydrofluoric  and  sulphuric  acids  with  exclusion  of 


air.  CooEB  *  dissolves  silicates  in  a  mixture  of  sulphuric  and 
liydroflnoric  acids  in  au  atmosphere  of  steam  and  carbonic  add, 
and  determines  the  ferrons  iron  by  means  of  potassium  per- 
manganate. 

Fig.  69  exhibits  his  apparatus.  To  the  sides  of  a  copper 
water-bath  are  attached  three  tubes.  The  tube  on  the  left  con- 
nects with  aMariotte's  flask  to  maintain  the  water  at  a  constant 
level.  The  upper  tube  on  the  right  connects  with  a  carbonic 
acid  gas  generator,  while  the  third  tube  carries  off  any  overflow 
of  water  to  the  sink. 

On  the  cover  of  the  water-bath  close  to  the  rim  is  a  circular 
groove,  which  receives  the  edge  of  an  inverted  glass  funnel. 
When  the  apparatus  is  in  use  this  groove  is  kept  full  of  water 
by  the  spray  from  the  boiling  liquid,  and  thus  forms  a  perfect 


*  Am,  Jour,  Science,  3d  ser.,  44,  847, 
t  Jour.  f.  prakL  Cbem.,  61,  108  aod  88.  46B 
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water-joiat ;  but  in  order  to  secure  this  i^esalt  the  bath  must  be 
kept  nearly  full  of  water,  and  holes  for  the  ready  escape  of  the 
steam  and  spraj  should  be  provided  in  the  rings,  which  cover 
the  bath  and  adapt  it  for  veseels  of  varions  sizes.  By  this 
airangement  the  funnel  may  be  kept  filled  with  an  atmosphere 
of  steam  or  of  carbonic  acid  for  an  indefinite  period.  More- 
over, we  can  either  pour  in  fresh  quantities  of  solvent,  or  we 
can  stir  up  the  material,  in  the  vessel  within,  introducing  a 
tube-funnel  or  stirrer  througli  the  spout  of  the  covering  fnnneL 
The  finely  pulverized  substance  {i  to  1  grtn.)  is  placed  in  a 
large  platinum  crucible.  Upon  it  pour  a  mixture  of  dilute 
sulphuric  acid  (sp.  gr.  1*5)  with  as  little  hydrofluoric  add  as 
experience  may  show  is  required  to  dissolve  or  decompose  the 
substance,  stirring  up  the  matei-ial  with  a  platinum  spatula. 
The  crucible  is  next  transferred  to  the  water-batli,  the  covering 
funnel  put  in  place,  water  poured  into  the  groove,  the  interior 
filled  with  earbouic  acid,  and  the  lamp  lighted.  As  soon  as  the 
water  boils,  the  supply  of  carbonic  acid  is  stopped ;  and  if  the 
water-level  has  been  properly  adjusted,  the  apparatus  will  take 
care  of  itself,  the  groove  will  be  kept  full  of  water,  and  the 
interior  of  the  funnel  full  of  steam.  If  the  materials  cake  on  the 
bottom  of  the  crucible,  as  is  not  unfrequently  the  case  when  a 
large  amount  of  insoluble  sulphate  is  formed,  the  lamp  may  be 
removed,  tlie  apparatus  again  filled  with  carbonic  acid,  and  the 
contents  of  the  crucible  stirred  up  by  aid  of  a  stout  platinum 
wire  about  two  inches  long,  fused  to  the  end  of  a  glass  tube. 
Anything  adhering  to  the  rod  can  easily  be  washed  back  into 
the  crucible  by  directing  the  jet  from  the  wasli-bottle  down  the 
throat  of  the  covering  funnel.  The  lamp  may  then  be  replaced, 
the  current  of  carbonic  acid  interrupted,  and  the  process  of 
digestion  continued.  When  the  decomposition  is  complete, the 
current  of  carbonic  acid  gas  is  re-established,  the  lamp  extin- 
guished, and  the  air-tube  of  the  Mariotte*s  fiask  raised  until  its 
lower  end  is  above  the  level  of  the  overflow.  A  slow  current 
of  water  is  thus  caused  to  flow  through  the  bath,  which  soon 
cools  down  the  whole  apparatus.  The  crucible  may  now  be 
removed,  its  contents  washed  into  a  beaker-glass,  and  the  solu- 
tion diluted  with  pure  water  until  the  volume  is  about  500  cc, 
when  the  amount  of  ferrous  iron  present  can  be  determined 
with  a  solutioa  of  potassium  permanganate  in  the  usual  way. 
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Man;  ii-OQ  compoimds  in  fine  powder  are  completely  decom- 
posed by  boiling  a  few  minutes  only  with  the  mixed  acids 
above  meatioaed.  If  a  preliminary  experiment  shows  this  to 
be  the  case,  a,  simple  and  satisfactory  way  of  effecting  a  solu- 
tion 18  to  boil  the  aiibstance  with  the  solvent  acids  in  a  platinum 
cmcible  of  40  to  50  c.c,  capacity,  provided  with  a  well-fitting 
concave  cover.  By  watching  the  escaping  vapor,  one  can  regu- 
late the  boiling  so  as  to  prevent  access  of  air  without  appreciable 
mechanical  loss.  If  on  removing  the  cover  the  decomposition 
is  complete,  the  operation  may  be  considered  successful.  Put 
the  crncible  and  its  contents  at  once  into  cold  water  in  a  beaker 
and  titrate  with  permanganate  (or  thiosulphate  if  HCl  has  been 
used). 

Iron  may  also  be  determined  volumetrically  in  presence  of 
zinc,  nickel,  etc.  It  is,  indeed,  often  the  better  way,  instead 
of  effecting  the  actual  separation  of  the  oxides,  to  determine  in 
one  portion  of  the  solution  the  iron  -j-  zinc  or  -\-  nickel,  in 
another  portion  the  iron  alone,  and  to  find  the  quantity  of  the 
other  metal  by  the  difference.  However,  this  can  be  done  only 
in  cases  where  the  quantity  of  iron  is  relatively  smalL 
12.  Cobalt  and  Nichd  from-  Matig(mese. 

To  the  acid  solution  add  sodium  carbonate  in  excess,  then  85 
acetic  acid  in  liberal  excess,  then  to  the  clear  fluid,  containing 
say  a  grm.  of  nickel  or  cobalt,  30  to  40  c.c.  of  sodium  acetate 
solution  (1  in  10),  and  pass  hydrogen  sulphide  to  saturation, 
keeping  at  10°,  Filter  off  the  precipitated  nickel  or  cobalt  sul- 
phide, wash  and  dry  it.  Concentrate  the  filtrate  by  evapora- 
tion, add  ommoninra  sulphide,  and  then  acetic  acid,  thus 
obtaining  a  second  precipitate  of  nickel  or  cobalt  sulphide. 
Test  the  filtrate  again  in  the  same  manner.  In  the  united  pre- 
cipitates determine  the  nickel  or  cobalt  according  to  §  110,  1,  h, 
or  §  111,  1,  o;  in  the  filtrate,  the  manganese  according  to 
§  109,  2. 

lY.  Sbpakation  of  Ibon,  ALmarocii,  Mangakess,  Calciuii, 

]tlA0NB8inH,  POTABSIUU  AND  SODIUU. 

§  161. 
Ab  these  metals  are  found  together  in  the  analysis  of  most 
silicates,  and  also  in  many  other  cases,  I  devote  a  distinct  para- 
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graph  to  the  deecriptioB  of  the  methods  which  are  employed  to 
effect  their  separatioD. 

1.  Method  hosed  upon  the  em^lmfment  of  Barium  Car- 
bonate (particularly  applicable  in  cases  where  the  mixture  con- 
tains only  a  small  proportion  of  calcium). 

Tiie  Bolution  should  contain  no  free  chlorine,  and  the  iron  M 
should  be  all  in  the  form  of  ferric  salt.  Precipitate  the  iron 
and  aluminiiun  by  bariom  carbonate  *  (46  and  64),  dissolve  tlie 
precipitate  iu  hydrochloric  acid,  llirow  down  the  barinm  with 
Bulphnrio  acid,  filter,  and  estimate  the  iron  and  aluminium  ' 
according  to  one  of  the  methods  given  §  160,  by  preference  83, 
at  least  when  the  quantity  of  alumiainm  is  not  too  small. 

To  the  filtrate  from  the  barium  carbonate  precipitate  add 
hydroclilonc  acid,  heat,  throw  down  the  barium  with  sulplmric 
acid,  added  just  iu  excess.  Filter  off  the  precipitate,  wash  till 
free  from  soluble  sulphate,  concentrate  if  necessary,  precipitate, 
and  det^mine  the  manganese  as  sulphide  (§  109,  2).  To  the 
filtrate  add  hydrochloric  acid,  heat,  filter  off  the  sulphur,  pre- 
cipitate the  lime  with  oxalate  of  ammonia,  and  finally  separate 
the  magnesia  from  the  alkalies  by  one  of  the  methods  given  § 
153. 

2.  Method  baaed  upon  the  ajjpUeation  of  AUedli  Aoetatet 
or  FormaAe». 

Eemove  by  evaporation  any  very  considerable  excess  of  acid  K 
which  may  be  present,  dilute,  add  sodium  carbonate,f  until  the 
fluid  is  nearly  neutral,  then  sodium  acetate  (or  sodium  formate) 
and  precipitate  iron  and  aluminium,  observing  all  directions 
given  in  71.  Wash  the  precipitate  well,  dissolve  in  hydrochloric 
acid,  precipitate  the  solution  with  anunonia  (37),  dry,  ignite, 
and  weigh.  Dissolve  in  concentrated  hydrochloric  acid,  or 
digest  it  with  16  times  its  weight  uf  a  mixture  of  8  parts  sul- 
phuric acid  and  3  parts  water,  or  fuse  it  for  a  long  time  witb 

*  Before  adding  tbe  barium  carbonate,  it  is  ab*oluteltf  inditpeniable  to  iscer- 
tain  whether  a  solution  of  it  in  hydrochlorio  acid  is  completely  precipitated  bj 
sulptiuric  acid,  so  that  the  filtrate  leaves  do  residue  upon  evaporalioo  iu  ■  pla- 
tinum dUh. 

f  In  cases  where  It  la  intended  lo  estimate  the  alkalies  In  tbe  filtrate,  ammo- 
nlum  salts  must  be  used  iuBteod  of  the  sodium  salts.  If,  however,  it  ia  Intended 
to  precipitate  manganese  subsequeutlj  with  bromine,  ammonium  salts  must  not 
be  Introduced  into  the  solutloo. 
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biBnlphate  of  potassa,  disaolTe  in  vater,  and  determine  the  iron 
volnmetrically  as  in  §  113,  3,  a  or  b.  The  difference  givee  the 
quantity  of  the  aluminiuui.  If  any  sihcic  acid  reinainB  heliind 
OD  diseolTing  the  precipitate,  it  is  to  he  collected  on  a  filter, 
ignited,  weighed,  and  deducted  from  the  alumina.  The  filtrate 
contains  the  maQganese,  the  alkali-earth  metals,  and  the  alkaliee. 
Precipitate  the  manganese  with  ammonium  sulphide  (§  109,  2), 
hoii  with  hydrochloric  acid  and  filter  ofi  the  sulphur,  precipi- 
tate the  calcium,  after  addition  of  ammonia,  with  ammoRium 
oxalate,  and  lastly,  after  removing  the  ammonium  salts  by  igni- 
tion, precipitate  the  magnesium  from  die  hydrochloric  acid 
solution  of  the  residue  with  amrhonium  eodinm  phosphate. 
However,  if  it  is  intended  to  estimate  the  alkalies,  the  magne- 
einm  must  be  separated  by  one  of  the  processes  in  §  153,  4.  This 
method  is  convenient,  and  gives  good  results,  especially  in  the 
presence  of  much  iron  and  little  alominium.  Since  almnininm 
is  not  precipitated  by  alkali  acetates  or  formates  with  the  same 
certainty  as  iron,  it  is  necessary  to  test  the  weighed  uianganese 
sulphide  for  aluminium. 

[This  method  is  to  be  recommended  when  manganese  is  pres- 
ent with  iron,  or  with  iron  and  a  moderate  proportion  of  alumin- 
ium. If,  however,  the  amount  of  aluminium  is  large  in  propor- 
tion to  the  iron,  it  is  difBctdt  to  precipitate  it  completely  with 
sodium  acetate.  Instead  of  precipitating  manganese  with 
ammonium  sulphide  it  may  be  separated  from  calcium  and 
magnesium  by  precipitation  with  bromine.  Add  aqueous  solu- 
tion of  bromine  to  the  filtrate  from  the  iron  precipitate  with- 
out previous  concentration  of  the  filtrate,  unless  its  volume 
exceeds  600  or  700  cc,  and  proceed  according  to  §  159, 62.] 

S.  Method  hosed  up<m  the  applioaiion  of  Atnmonium  Sul- 
phide. 

Ikfix  the  fluid  in  a  flask  with  ammonium  chloride,  then  with  i 
ammonia,  until  a  precipitate  just  begins  to  form,  then  with 
yellow  ammonium  sulphide,  fill  the  flask  nearly  up  to  the  top 
with  water,  cork  it,  allow  to  settle  in  a  warm  place,  filter,  and 
wash  the  precipitate — consisting  of  iron  and  manganese  sulphides 
and  aluminium  hydroxide — without  interruption  with  water 
containing  ammonium  sulphide.  Separate  the  calcium,  magne- 
sium, aud  alkalies  in  the  filtrate  as  in  87.     Dissolve  t^e  precipi- 
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tate  in  hydrochloric  acid,  and  separate  the  alamininm  from  tlie 
iron  and  manganese  according  to  6fi  or  66,  and  then  the  iron 
from  the  manganese,  eay  by  70  or  71. 

The  following  method  is  particularly  snitable  in  cases  where 
no  manganese  is  present,  or  only  inappreciable  traces : 

4.  Method  hosed  upon  the  aj^ioaiion  {^Ammonia. 

The  Boltition  must  contain  all  the  iron  in  the  state  of  a  ferric  81 
salt.  Add  a  relatively  large  qoantity  of  ammoniom  chloride, 
and — observing  the  precantions  indicated  in  37 — precipitate 
with  ammonia.  The  precipitate  contains  the  whole  of  the  iron 
and  aluminium ;  at  most  an  inappreciable  amount  of  the  latter 
remains  in  solution  if  the  free  ammonia  has  been  almost  bat 
not  entirely  driven  off  by  heat,  if  the  solution  was  diluted  suffi- 
ciently, and  if  enough  ammonium  chloride  was  present.  It 
may  also  contain  small  quantities  of  calcium  and  magnesiom 
and  a  little  manganese.  It  is  well,  therefore,  osnally  to  redis- 
solve  the  washed  precipitate  in  hydrochloric  acid,  and  reprecija- 
tatc  with  ammonia.  In  this  way  the  precipitate  will  be  got  free 
from  alkali-earths  and  manganese.  Wash  the  precipitate  com- 
pletely, dry,  ignite,  and  treat  according  to  67.  If  silicic  acid 
remains  undissolved,  it  ia  to  be  determined  and  deducted.  The 
solution  filtered  from  the  aluminium  and  ferric  hydroxide  is 
concentrated  by  evaporation,  the  manganese  is  precipitated  and 
determined  according  to  §  109,  2,  as  sulphide,  the  alkali-earth 
metals  and  alkalies  in  the  filtrate  are  determined  according  to 
87.  The  weighed  sulphide  of  manganese  is  digested  with  dilute 
hydrochloric  acid,  any  residue  that  may  remain  fused  with 
bisulphate  of  potasea,  dissolved  in  water,  and  tested  for  alumina. 

SupplenwtU  to  the  Fburth  Groitp. 
To  §§  158,  159, 160. 

BbPAB&TIOH  of  TJBAimJM  FKOH  THE  OTHEB  MbTALS  OF 

Groups  I. — IV. 
It  has  already  been  stated,  in  §  114,  that  uranium  in  nranyl  N 
compounds  cannot  be  completely  separated  from  the  oDtalui 
by  means  of  ammonia,  as  the  precipitated  ammonium  nrantte 
is  likely  to  contain  also  fixed  alkalies.     Tlie  precipitate  should 
therefore  be  dissolvod  in  hydrochloric  acid,  the  solution  evapo- 
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rated  in  the  platinum  crucible,  the  refiidue  gently  ignited  in  a 
cnrrent  of  hydrogen  gas,  the  chlorides  of  the  alkali  metals 
extracted  with  water,  and  tlie  uranous  oxide  (UO,)  ignited  in 
hydrogen,  in  order  to  its  being  weiglied  as  such,  or  in  the  air, 
whereby  it  is  converted  into  nranons  uranate,  U(UO,),.  Instead 
of  dissolving  the  precipitate  iu  hydrochloric  acid  and  treating 
the  solution  as  directed,  you  may  heat  the  precipitate  cau- 
tiously* with  ammonintn  chloride,  and  treat  the  residue  with 
water  (H.  Robe).  Uranium  may  be  completely  separated  from 
the  alkalies  also  by  ammonium  sulphide  as  H.  Bose  fonnd. 
ReMELEf  has  examined  this  subject  with  great  care  and  recom- 
mends the  following  method  of  precipitation: — The  solution 
being  neutral  or  slightly  acid,  add  an  excess  of  yellow  ammo- 
nium sulphide  and  keep  nearly  boiling  for  an  hour  to  convert 
the  iirst  formed  precipitate  of  uranium  oxysulphide  entirely 
into  a  mixture  of  uranous  oxide  and  sulphur.  The  fluid,  at  first 
dark  from  presence  of  dissolved  uranium,  will  now  appear  yel- 
low and  transparent.  Filter  off  the  precipitate  containing  all 
the  uranium  and  wash  it  with  cold  or  warm  ■water,  first  by 
decantation,  finally  on  the  filter.  It  is  well  to  mix  a  little 
ammonium  sulphide  or  chloride  with  the  water,  as  when  pure 
water  is  used  the  last  filtrate  is  apt  to  be  turbid.  The  dried 
precipitate  is  roasted  and  then  converted  into  uranona  uranate 
by  ignition  in  the  air,  or  into  nranons  oxide  by  ignition  in 
hydrt^n  (§  114), 

From  harivm  uranyl  may  be  separated  by  sulphuric  acid,  91 
from  strontium  and  calcium  by  sulphuric  acid  and  alcohol 
Ammonia  fails  to  effect  complete  separation  of  uranyl  from  the 
alkali-earth  metals,  the  precipitate  always  containing  not  incon- 
siderable quantities  of  the  latter.  In  such  precipitates,  however, 
the  uranium  and  the  alkali-earth  metais  may  likewise  be  sepa- 
rated by  gentle  ignition  with  ammonium  chloride  and  treatment 
of  the  residue  with  water. 

TTranyl  may  be  separated  from  strontium  and  calcium  also  92 
by  precipitation  with  ammonium  sulphide  by  the  method  given 
above  in  the  separation  from  the  alkalies.     Ascarbonates  of  the 
alkali-earth  metals  may  be  coprecipitated,  treat  the  washed  pre- 


*  Strong  Ignition  would  occarioa  the  volatfllzatioa  of 
t  ZeUeclir.  f.  anaL  Ghem.  4,  870. 
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cipitate  of  nraDotiB  oxide  and  Gulphar  in  the  cold  with  dilate 
hydrochloric    acid    which   will    not    diseolve   uranouB  oxide.     • 
Ammoninm  sulphide  will   not  answer  for  the   aeparation  of 
uranium  from  barium  (Remele*). 

Magnesium  may  be  separated  from  uraayl  not  only  by  93 
ammoninm  sulphide  in  presence  of  ammonium  chloride,  but 
also  by  ammonia.  Add  enough  ammonium  chloride  to  the 
eolutiou,  heat  to  boiling,  aupereatuiate  with  ammonia,  contmne 
boiling  till  the  odor  of  ammonia  is  but  slight,  filter  the  hot  flnid, 
and  wash  the  precipitate,  which  is  free  from  magnesium,  with 
hot  water  containing  ammonia  (H.  Eobe).  It  is  always  well  to 
test  the  uranous  oxide  obtained  by  ignition  in  hydrogen  for 
magnesium  by  treating  with  dilute  hydrochloric  acid. 

Aluminium  is  beet  separated  from  nranyl  by  mixiog  the 
somewhat  acid  fluid  with  ammonium  cart)onato  iu  excess.  The 
nranyl  passes  completely  into  solution,  while  the  alumimnin 
remains,  absolntely  nndiseolved.  Filter,  evaporate,  add  hydro- 
chloric acid  to  resolution  of  the  precipitate  produced,  heat  till 
all  the  carbonic  acid  is  expelled,  and  precipitate  with  ammonia 

(§  iw). 

Uranyl  is  beet  separated  from  chromivim  (W.  Gibbs+)  by 
adding  to  the  solution  soda  in  slight  excess,  heating  to  boiling 
and  adding  bromine  water,  when  tlie  chromium  is  rapidly 
converted  into  chromic  acid.  Filter  tlie  solution  containing 
sodium  chromate  from  the  precipitate  which  has  a  deep  orange- 
red  color  and  consists  of  a  compound  of  soda  and  uranic  oxide 
mixed  with  some  uranyl  chromate.  Wash  the  precipitate  with 
hot  water  containing  a  little  soda,  dissolve  it  in  hot  nitric  acid, 
boil  the  solution  a  few  minutes  to  drive  ofE  any  nitrous  acid,  and 
precipitate  the  chromic  acid  according  to  §  130, 1,,  a,  ^  with 
mercurons  nitrate  (according  to  Gibbs  at  a  boiling  heat).  The 
filtrate  now  contains  the  whole  of  the  uranium,  of  course  in 
presence  of  mercury. 

The  separation  of  uranyl  from  the  metals  of  the  fourth  M 
grovp  may  be  based  simply  on  the  fact  that  ammoninm  carbonate 
prevents  the  precipitation  of  uranyl,  but  not  that  of  the  othw 
metals   by   ammoniuin   sulphide.     Mix   the    solution  with  a 
mixture  of  ammonium  carbonate  and  ammonium  sulphide,  allow 

•  Zeitachr.  t.  anal.  Chem.  4.888.  1 R.  13.  8ia 
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to  eabeide  in  a  closed  flask,  and  wash  the  precipitate  with  water 
containing  ammonium  carbonate  and  ammoninm  sulphida 

Bemove  the  greater  part  of  the  excees  of  ammonium  car- 
bonate from  the  filtrate  by  a  very  gentle  heat,  acidify  with 
hydrochloric  acid,  warm,  filter  off  the  separated  sulphur,  and 
throw  down  the  oranium  either  by  ammonium  sulphide  (see 
above,  S^taration  of  Uranium  from  the  Alkalies)  or  by 
heating  with  nitric  acid  and  then  adding  ammonia  (H.  Rose,* 
KiocELE-)').  The  method  is  not  so  suitable  in  presence  of  nickel, 
as  a  little  of  this  metal  is  very  liable  to  pass  into  the  filtrate 
on  precipitation  with  ammonium  carbonate  and  ammoninm 
sulphide. 

Ferric  iron  may  be  also  separated  from  uranyl  by  means  of 
an  excess  of  ammoninm  carbonate.  The  small  quantity  of  iron 
which  passes  with  the  uranium  into  solution  will  fall  down  on 
allowing  the  solution  to  stand  for  several  hours,  or  it  may  be 
precipitated  with  ammoninm  sulphide,  before  the  nranium  is 
thrown  down  (PisAJnJ). 

From  nickel,  cobalt,  manganese,  sine,  and  magneaivm. 
the  uranyl  may  also  be  separated  by  barium  carbonate.  The 
fluid,  which  should  contain  a  little  free  acid,  is  mixed  with  the 
precipitant  in  excess,  and  allowed  to  stand  in  the  cold  for  24 
hours  with  frequent  shaldog  (84). 

From  cobalt,  nickel,  and  sine  oranyl  may  also  be  separated  98 
(GiBBS  and  Pebkinb§)  by  taking  the  neutral  or  slightly  acid 
Bolations  of  the  chlorides,  adding  sodium  acetate  in  excess  and 
a  few  drops  of  acetic  acid,  and  passing  a  rapid  current  of  hydro- 
gen snlphide  for  half  an  hour  through  the  boiling  fluid.  The 
uranium  remains  dissolved  while  the  other  metals  are  precipi- 
tated. I  should  advise  testing  the  filtrate  with  a  mixture  of 
ammonium  carbonate  and  ammoninm  snlphide  to  see  if  any 
nickel,  cobalt,  or  zinc  remain  in  solntion. 

*  Zeitachr.  t.  anoL  Chem.  1,  412.  %  Compt  rend.  S2,  106. 

t  ifr.  4,  ass.  %  ZeitMhr.  f.  uial.  Chem.  8,  881. 
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Fifth  Group. 

BILTEB — KEBOITBT  (iN  UERCTROOS  AKD  UERCUBtC  COHPOUKDS)— LEAS 
— BieUUTIE — COPPER — CADHIUU. 

I.  Separation  of  the  Metals  of  the  Fifth  Gbocf  fbou  those 
OF  the  first  Four  Gbocps, 

§162. 
Irdxx.    (The  numbers  refer  to  those  in  the  ma^in.) 
BiWT  from  the  metiOs  of  Groups  I.— IV.,  96,  07. 
MereUTj/  (in  mercurmit  ajid  mercuric  mmpotiiulM)  from  the 

metals  of  Groups  I.— IV.,  9S,  98. 
Ztad  from  the  mettds  of  Groaps  I.— IV.,  96,  09. 
BimitulA  from  the  metals  of  Groups  I.— IV„  96,  lOt 
Oopper  from  the  metals  of  Groups  L— IV.,  06,  lOD,  101, 1(& 

"         zinc,  108. 
OadiMvm  from  the  metala  of  Groups  L— IV.,  96. 
zinc,  106. 

A.     General  Method. 
All  the  Metalb  of  the  Fifth  Gkoitp  fbom  THOflE  of 

THE   riKBT   FotTK   GkOUPB. 

Prmciple :  Hydrogen  Sulphide  prectpiiateg  from  Acid 
Solutions  the  Meials  of  the  JF^th  Group,  hut  not  thote  of  the 
fo'it  Four  Groups. 

The  following  points  reqnire  eapecial  attention  in  theesecD- 
tion  of  the  process : 

a.  To  effect  the  separation  of  the  metals  of  the  fifth  group  M 
from  those  of  the  first  three  groups,  by  means  of  hydrogen 
sulphide,  it  is  necessary  simply  that  tlie  reaction  of  the  solution 
should  be  acid,  the  nature  of  the  acid  to  which  the  reaction  is 
due  being  of  no  consequence.  But,  to  effect  the  separation  of 
the  metals  of  the  fifth  group  from  those  of  the  fourth,  the 
presence  of  a  free  mineral  acid  is  indispensable ;  otlierwise  eino 
and,  under  certain  circumstances,  also  cobalt  and  nickel  may  be 
coprecipitated. 

/3.  But  even  the  addition  of  hydrochloric  acid  to  flie  fluid 
viU  not  always  entirely  prevent  the  coprecipitation  of  tfaezinc 
Bitot  and  Bodqcet*  declare  s  complete  separation  of  copper 

*  Auoal.  d.  Cbem.  u.  Pharm.  60,  861. 
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from  zinc  by  means  of  hydrogen  sulphide  altogether  impraC' 
ticable.  Calvekt*  states  that  he  has  arrived  at  the  same  eon- 
cJasion.  On  the  other  hand,  SpiKOATia+  concnrs  with  H.  Bobe 
in  maintaining  that  the  complete  separation  of  copper  from  zinc 
may  be  efEected  by  means  of  hydrogen  sulphide  in  presence  of 
a  anfficient  quantity  of  free  acid. 

In  this  conflict  of  opinions,  1  thought  it  necessary  to  subject 
this  method  once  more  to  a  searching  investigation.  I  Uier©- 
fore  instructed  one  of  the  student*  in  my  laboratory,  Mr. 
Grdhdmann,  to  make  a  series  of  experiments  in  tlie  matter, 
with  a  view  to  settling  the  question,  ^ 

The  following  process  is  founded  on  the  results  which  we 
obtained : 

Add  to  the  ooppeb  and  zdjc  solution  a  large  amount  of 
hydrochloric  add  (e.y.,  to  4  grm.  oxide  of  copper  in  250  cc.  of 
solution,  30  cc,  hydrochloric  acid  of  I'l  sp.  gr.),  conduct  into 
the  fluid  at  about  70°  hydrogen  sulphide  largely  in  excess,  filter 
before  the  excess  of  hydrogen  sulphide  has  had  time  to  escape 
or  become  decomposed,  wash  with  hydrogen  sulphide  water, 
diy,  roast,  redissolve  in  nitrohydrochloric  acid,  evaporate  nearly 
to  dryness,  add  water  and  hydrochloric  acid  as  above,  and  pre- 
cipitate again  with  hydrogen  sulphide.  This  second  precipi- 
tate is  free  from  dncj  it  is  treated  as  directed  in  %  119,  3. 

If  CADUiUM  is  present,  it  is  well  to  have  less  acid  present, 
e^.,  to  -4  grm.  oxide  of  cadmium  in  250  cc,  of  solution  add  10 
cc  hydrochloric  acid  of  I'l  ep.  gr.  If  the  quantity  of  zinc  is 
considerable,  dissolve  the  first  precipitate  of  cadmium  sulpliide 
in  hot  hydrochloric  acid,  evaporate  nearly  to  dryness,  add  10 
cc,  hydrochloric  acid  and  about  250  cc.  water,  and  precipitate 
again.    In  this  way  the  results  are  quite  satisfactory. 

y.  The  other  metals  of  the  fifth  group  comport  themselves 
in  this  respect  similarly  to  cadmium,  i.e.,  they  are  not  com- 
pletely precipitated  by  hydrogen  sulphide  in  presence  of  too 
much  free  acid  in  a  concentrated  solution.  Lead  requires  the 
least  amount  of  free  acid  to  be  retained  in  solution ;  then  follow 
in  order  of  succession,  cadmium,  mercury,  bismuth,  copper,  sil- 
ver (M.  Martin§).    a  portion  of  the  filtrate  should,  if  neces- 

•  Joum,  f.  prakt,  Chem.  71.  IM,  }  lb.  78,  241. 

t  a.  57, 18t  8  is.  «7,  871. 
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sary,  be  tested  hj  addition  of  a  large  quantity  of  hydrogen  gdI- 
phide  to  Beo  if  the  precipitation  o£  the  fifth  groop  was  com- 
plete. 

6.  If  hydrochloric  acid  prodaoes  no  precipitate  in  the 
solution,  it  la  preferred  as  acidifying  agent,  otherwiee  snlpliniie 
or  nitric  acid  most  be  nsed.  In  the  latter  case  the  flnid  mnst 
be  rather  largely  dilated.  Eliot  and  Stoseb*  arrived  at  the 
same  conclusion  as  ourselves,  and  showed  that  the  cause  of 
Calvebt'b  unfavorable  results  was  the  too  large  dilution  of  his 
solutions.  For  to  prevent  the  precipitation  of  zinc  yon  have 
not  merely  to  preserve  a  certain  proportion  between  the  zinc 
and  the  free  acid,  but  also  a  certain  degree  of  dilution. 
Although  I  agree  with  the  above-named  chemists  in  the  opinion 
that  it  is  possible  to  produce  a  condition  of  the  fluid,  unda- 
which  one  precipitation  will  effect  complete  separation,  still  it 
appears  to  me  better,  for  practical  purposes,  to  precipitate  twice, 
as  this  is  sure  to  lead  to  the  desii-ed  result. 

e.  A  somewhat  copious  experience  in  the  separation  of  oop- 
PKB  from  NICKEL  (and  cobalt)  which  so  frequently  occurs  has 
led  me  to  the  opinion  that  a  double  precipitation  is  nnnecessai;. 
If  tlie  solution  wliich  is  to  be  treated  with  hydrogen  sulphide 
contains  enough  free  hydrochloric  acid  and  not  too  much  water, 
the  copper  falls  down  absolutely  free  from  nickel,  while,  on  the 
other  hand,  if  the  quantity  of  free  acid  is  not  too  large,  the  fil- 
trate will  be  quite  free  from  copper. 

5.  Cadmium  and  zing  may,  according  to  Follbhius,  also  be 
completely  separated  by  a  single  precipitation,  if  the  metals  are 
present  in  a  sulphuric  acid  solution  containing  25  or  80  per 
cent,  of  dilute  acid  of  1'19  sp.  gr.  Precipitate  with  hjdn^en 
sulphide  at  70°.  Collect  the  precipitate  on  a  weighed  asbeetos 
filter,  dry  in  a  current  of  heated  air,  ignite  gently  in  a  etreun 
of  pure  hydrogen  sulphide  (to  convert  small  quantities  of  cad- 
mium sulphate  into  sulphide),  remove  the  small  quantity  of 
separated  sulphur  by  gentle  ignition  in  a  current  of  air,  and 
weigh. 

*  On  the  Impuiiliea  of  Commercial  Zluc,  &c — Hemolre  of  ihsAaRfcu 
Academf  of  Axti  and  ScleDcea.    New  Beries.    ToL  8. 
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§  162.]  BA8E8  OP  GBOUP  T.  o89 

B.  Speeial  MeiMde. 
Single  Msttai^  of  the  Fifth  Ghoup  tbou  Sikolr  ob 
'MTTim  Metai^  of  ths  stbbt  Fodb  Gbocpb. 

1.  8n.vES  is  most  simpij  and  completely  separated  from  the  97 
METALS  OF  THE  F1E8T  FOCE  OBOiJPS  hj  msans  of  hydrochloric 
acid.  The  hydrochloric  acid  must  not  be  used  too  laigely  in 
excess,  and  the  fluid  must  be  sufficiently  dUnte  \  otherwise  a 
portion  of  the  silver  will  remain  in  solotion.  Care  mnst  be 
taken  also  not  to  omit  the  addition  of  nitric  acid,  which  pro- 
motes the  separation  of  the  silver  chloride.  The  latter  shoald 
be  treated  according  to  §  115,  1,  a. 

2.  The  separation  of  mebcubt  from  the  metals  of  the  98 
yrasT  fouk  groups  may  be  effected  also  by  ignition,  which  will 
canse  the  volatilization  of  the  mercnry  or  the  mercurial  com- 
pound, leaving  the  non-volatile  bodies  behind.     The  method  is 
applicable  in  many  cases  to  alloys,  in  others  to  oxides,  chlorides, 

or  sulphides.  If  the  mercnry  is  estimated  only  from  the  loss, 
the  operation  is  conducted  in  a  crucible ;  otherwise  in  a  bulb- 
tabe,  or  a  wide  glass  tube  with  porcelain  boat.  In  the  latter 
case  it  is  well  to  use  a  current  of  hydrogen  (compare  %  118, 
1,  «). 

The  precipitation  of  mercury  as  mercurous  chloride  with 
phosphorous  acid,  according  to  §  118,  2,  is  also  well  adapted  for 
its  separation  from  metals  of  the  first  four  groups.  If  the  mer- 
cury is  already  present  as  a  mercurous  salt,  it  may  be  separated 
and  determined  in  a  simple  manner,  by  precipitation  with 
hydrochloric  acid  (§  117,  1). 

3.  Fbom  those  basic  radicals  which  fokh  solitblb  salts  99 
WTTH  sijLPHDEio  ACID,  LEAD  may  bc  rcadily  separated  by  that 
acid.     The  results  are  veiy  satisfactory,  if  the  rules  given  iu 

§  116,  3  are  strictly  adhered  to. 

If  you  have  lead  in  presence  of  barium,  both  in  form  of 
enlphates,  digest  the  precipitate  with  a  solution  of  ordinary 
ammonium  sesquicarbonate,  without  application  of  heat.  ThiB 
decomposes  the  lead  salt,  leaving  the  barium  salt  unaltered. 
Wash,  first  with  solution  of  ammonium  carbonate,  then  with 
water,  and  separate  finally  tiie  lead  carbonate  from  the  barium 
Bolphate,  by  acetic  add  or  dilute  nitric  acid  (H.  Kose*).    The 

*  Joum.  I.  prakt.  CUem.  00,  100. 

Digitized  by  Google 


540  SEPARATIOU".  [§  162. 

same  object  may  also  be  attained  hj  suBpending  the  visited 
iiisohiblo  salts  in  water  and  digesting  with  a  clear  concentrated 
Bolution  of  Bodinni  thioealphato  at  15 — 20°  (not  liigher).  The 
barinm  sulpliate  remains  nndiasolred,  the  lead  salphate  dis- 
solves.  Determine  the  lead  in  the  filtrate  (after  §  116, 2)  IB 
lead  enlphide  (J.  Lowe*). 

4.    (^tlPPKB  FBOM  ALL  MeTALB  OF  THB  FTRffT  FoCB  GbOTTPS. 

a.  Free  the  solution  as  far  as  possible  from  hydrochloric  100 
and  nitric  acids.by  evaporation  with  salphnric  acid.  Dilate  if 
necessary,  boil,  and  add  sodium  thiosnlphate  f  as  long  as  a  black 
precipitate  continnes  to  form.  As  soon  as  this  has  depoeited, 
and  the  supernatant  fluid  contains  only  suspended  Bulpliur, 
the  whole  of  the  copper  is  precipitated.  The  precipitate  is 
cnprona  sulphide  (Cn,S),  and  may  be  readily  washed  without 
suffering  oxidation.  Convert  it  into  anhydrous  cuprous  sul- 
phide by  ignition  in  hydrogen  (§119,3).  The  other  metals 
arc  in  the  tiltnite  and  wasliiiigs.  Evaporate  with  some  nitric 
acid,  filter,  and  determine  the  metals  in  the  filtrate.  ^  Itesults 
good.  The  method  requires  practice,  as  tlie  end  of  the  pre- 
cipitation of  the  copper  is  not  so  easy  to  hit  as  when  hydro- 
gen sulphide  is  employed. 

If  the  solution  contained  hydrochloric  or  nitric  acid,  and 
this  w^  not  first  removed  before  the  addition  of  the  thioeul- 
phate,  the  precipitant  would  be  required  in  much  larger  quan- 
tity ;  in  tlie  presence  of  hydrochloric  acid  because  the  cuprooa 
chloiide  produced  is  only  decomposed  by  a  large  excess  of 
tliiosulphate,  in  the  presence  of  nitric  acid  becaose  the  thio- 
Bulphate  does  not  begin  to  act  oh  tlie  copper  salt  till  all  tlie 
nitric  acid  is  decomposed. 

"Jonm.  1.  prakt.  Chem. 

t  The  commercial  salt  is  often  not  sufBciently  pure;  in  wbidi  <»w  Kna 
sodium  cnrbnnBle  must  be  added  1o  its  Bolutlon,  and  the  mixture  altered. 

t  As  far  hack  as  1849.  C.  Biult  made  the  first  proposal  to  emploj  «odinm 
tliiosulphfttc  for  tlie  precipitation  of  many  metals  as  sulphides  (Anosl.  d.  Chem. 
u.  Pharm.  43,  150),  The  question,  after  long  neglect,  was  afterwards  taken  up 
aj?ain  hj  Vom.  (Annal.  d.  Chem.  u.  Pharm.  96,  287),  and  Slater  (Chem.  Git 
1855, 869).  Flajolot.  however,  made  the  flnt  quantitative  eiperlment  (AirnaL 
des.  Mines,  1853,  641;  Joura.  f.  prekL  Chem.  01,  lOS).  The  tesults  obtaioed  bf 
blm  are  perfectly  satiBfacto^y. 
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h.  Precipitate  the  copper  as  coprous  sulphocyanate  accord-  101 
ing  to  §  119, 3,  h ;  the  otiier  metals  remain  in  aolntion  (Eivot). 
If  alkalies  were  present  and  it  were  desired  to  determine  tliem 
in  the  filtrate,  ammonimn  snlphoc^anate  must  be  used  instead 
of  the  potassiuui  salt  nsuallj  employed.  This  method  is  par- 
ticularlj  well  adapted  for  the  separation  of  copper  from  zinc. 
The  zinc  can  be  precipitated  at  once  from  the  filtrate  by  sodiiim 
carbonate.  The  method  is  also  suitable  for  separating  copper 
from  iron  (H.  Bosb*)  ;  in  this  case  it  is  nnnecessary  that  ferric 
salts  be  completely  reduced  by  the  snlphnroua  acid  added ;  the 
separation  may  be  effected,  even  if  the  solution  becomes  blood- 
red  on  the  addition  of  the  precipitant. 

e.  The  solution  should  be  free  from  hydrochloric  acid,  and  102 
should  contain  a  certain  qnantity  of  free  nitric  acid  (20  cc. 
nitric  acid  of  1'2  sp.  gr.  to  200  cc),  and  some  snlphuric  acid. 
Throw  down  the  copper  by  a  galvanic  current,  bo  that  the 
metal  may  be  firmly  deposited  on  a  platinum  vessel  (prefer- 
ably a  platinum  cone),  which  forms  the  negative  pole.  Take 
care  that  the  current  is  strong  enough,  and,  without  interrupt- 
ing it,  remove  the  cone  from  the  fluid  occasionally  to  see  when 
the  copper  is  all  precipitated.  "With  proper  execution  the 
separation  of  copper  from  all  metals  of  Groups  1—4  is  thorough. 
All  metals  of  Groups  1-4  remain  dissolved,  except  manganese, 
which  separates  as  binoxide  at  the  positive  pole.  The  nlethod 
requires  practice  and  strict  attention  to  the  conditions  which 
Itave  been  determined  by  a  long  course  of  experiments.  It  is 
particularly  suited  for  mining  assays  and  manufactures.  The 
electrolytic  method  of  separating  copper  was,  I  believe,  first 
recommended  by  GiBB«,t  and  afterwards  improved  by 
LucKow.J  Lecoq  de  Boibbai;b£AN,§  Ullgkem,!  and  Mss- 
BicR^  liave  also  written  on  this  subject.  Finally  the  method 
was  very  accurately  and  minutely  described  by  the  Mansfelder 
Ober-Berg-  und  Hiittendirection  at  Eislcben,**  who,  after 
giving  a  prize  to  Lucitow's  method,  afterwards  adopted  it,  and 
still  further  improved  it.  I  must  refer  the  reader  for  detaCs 
to  the  last  mentioned  memoir  and  Luckow's  paper. 

'  Fogg.  Annal.  110.  424.  f  Zellechr.  f.  SDal.  Chem.  8,  SS4 

t  Dlngler's  polyt.  Joura.  177. 2941.  and  (in  detail) Zeitschr.  f .  anal.  Chem.  8,  SOL 

g  Zeitschr.  f.  anal.  Cbem.  7,  3C!8.  and  9.  102.  |  B>.  7. 26S. 

1  American  Chemist,  3, 136.  ••  Zeitschr.  f.  anal  Cbem,  11, 1. 
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COPPEB  FBOM  ZmO. 

BoBiERBE*  employed  the  following  method  with  satiBfac-  lOS 
lory  results  in  the  analysie  of  many  alloys  of  zinc  and  copper: 
The  alloy  is  put  into  a  porcelain  boat  lying  in  a  porcelain  tube, 
and  heated  to  rednees  for  three-qoarters  of  an  honr  at  the 
most,  a  rapid  stream  of  hydrogen  gas  being  conducted  over  it 
during  tlie  proceed.  The  zinc  volatilizes,  the  copper  remains 
behind.  If  the  alloy  contains  &  little  lead  (nnder  2  to  3  per 
cent.)  this  goes  off  entirely  with  the  zinc,  and  is  partly  depos- 
ited in  the  porcelain  tube  in  front  of  the  boat ;  if  more  lead 
is  present  part  only  is  volatilized,  the  rest  remaining  with  the 
copper  (M.  BoKBTTNt). 

6.  BiBHUTH  FBOM  THE  MbTALS  OF  THE  FIBBT  FoOK  GbOUPS, 
WriH    THE   ExCEFTIOlf   OF    FeBBIO   IbON. 

Precipitate  the  bismuth  according  to  g  120, 4,  as  basic  chlo-  IM 
ride,  and  determine  it  as  metal ;  all  the  other  basic  metals 
remain  completely  in  solution.     HesuJts  very  satisfactory  (H. 

EoBEi). 

7.  Cadmufm  feom  Zmc. 

Prepare  a  hydrochloric  or  nitric  acid  eolation  of  the  two  105 
oxides,  as  nentral  as  possible,  add  a  sufficient  quantity  of  tar- 
taric acid,  then  solution  of  potassa  or  soda,  until  the  reaction  of 
the  clear  fluid  is  distinctly  alkaline.  Dilute  now  with  a  sufG- 
cient  quantity  of  water,  and  boil  for  1^-2  hours.  All  the  cad- 
mium precipitates  as  hydroxide,  free  from  alkali  (to  be  deter- 
mined as  directed  g  121),  whilst  the  whole  of  the  zinc  reioains 
in  solution ;  the  latter  metal  is  determined  as  directed  in  §  108, 
1,  b  (AuBEL  and  ItAMDOEB§).  The  teet-analyBefl  commonicated 
are  satisfactory.  As  the  separation  only  succeeds  when  the  eaV 
stanoes  are  present  in  correct  proportions,  I  will  add  the  quan- 
tities employed  by  Adbel  and  Rahdobb  with  especially  good 
effect.  Abont  1  grm.  oxide  of  zinc  and  1  grm.  oxide  of  cad- 
mium were  dissolved  in  hydrochloric  acid,  30  grm.  eolutioD 
of  tartaric  acid  (containing  -23  grm.  acid  in  1  grm.),  50  gnn. 
soda  solution  of  1*16  sp.  gr,,  and  120  grm.  water  added,  and 
the  whole  boiled  2  honrs.  (The  boiling  must  on  no  aeconnt 
be  done  in  glass ;  a  platinum  or  silver  dish  should  be  used.) 

*  Cofflpt  rend.  86.  334;  Joum.  f.  prakt.  Chem.  58,  380. 

t  Zeitochr.  f.  uial.  Cbem.  11,  175. 

i  Pogg.  Annal  110,  439.  %  Amial.  d.  Chem.  n.  Phum.  lOS,  tt 
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BiOH    OTHER.* 


Ikdbx.    (The  numbers  refer  to  those  in  the  margin.) 


JCarsumitum' 


biBmutli,  106,  110,  118,  122. 
mercuricum,*  106,  111,  118,  11»,  121. 
lead,  lOe,  109,  110,  118,  124 
MsreuTieum'  from  sUyer,  106,  111,  118, 119,  121. 
mercurosum,»107. 
lead.  108. 109, 110, 118, 119, 121. 
bismuth,  108, 110,  118,  114,  119. 
copper.  108. 112, 113, 110, 121. 
cadmium,  108, 118,  lift. 
*  from  mercuricum,  107. 
copper,  107. 
cadmium,  107. 
lead,  107,  109. 
Compare  also  mercuricum  from  other  metola. 
Ltad  from  silver,  lOG.  110, 118. 124, 13S. 

mercuricum,  108,  109,  110,  118,  119,  Ut. 
"         mercnroaum,  107,  109. 

copper,  109,  110,  118.  IIB. 
bUmuth,  109,  lis,  122,  128. 
"         cadmium.  100,  110,  lia 
AnnuM  from  silver.  106.  110,  US,  123. 
lead,  100,  lis,  133,  128. 
copper,  110,  118.  114,  116,  122. 
cadmium.  110,  118,  114,  US.  118. 
mercuricum.  108,  110,  118,  114,  119. 
a>j>fwr  from  silver.  106,  111.  118.  134. 
lead,  100,  110,  118,  US. 
bismuth,  110,  118,  114,  116,  183. 
mercuricum,  108.  112, 118,  lift,  121. 
"         mercurosum,  107. 

cadmium,  112,  118.  117, 130. 
Copper  in  cuprio  from  copper  In  cuprous  compounds,  ISS. 
OsAnAim  from  silver,  lOfl,  111.  118. 
lead,  100,  110,  118. 
bUmuth,  110,  lia.  114,  US.  118. 
copper,  113, 118,  115,  117,  120. 
"         mercuricum,  108,  118,  lift. 
"         mercurosum,  107, 

*  For  the  sake  of  brevity  the  termB"mercuricum"  and  "mercurosum"  are 
used  to  dcsisnatr  respectlTelr  mercury  in  mercuric  and  mercurous  compounds. 
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1.  Methods  baaed  upon  the  hiaoliAility  of  certain  of  tk 
Chlorides  in  Water  or  Alcohol. 

a.    SlLTBB  FBOM  CoPPEB,  CaDHIDH,  BiSMDTB,  MebCCOIOCM,  A5ti 

a.  To  separate  silrfer  from  copper,  cadmium,  and  bismuth,  lU 
add  to  the  nitric  acid  Bolutioa  contaioing  exceea  of  nitric  acid, 
hydrochloric  acid  as  long  as  a  precipitate  forms,  and  separate 
the  precipitated  silver  chloride  from  the  solution  which  eon- ' 
tains  the  other  metals,  as  directed  §  llfi,  1,  a.  la  the  presence 
of  bismuth,  after  pouring  oflE  the  supernatant  fluid,  heat  again 
with  nitric  acid,  and  wash  with  dilute  nitric  acid  before  wash- 
ing with  water. 

p.  If  you  wish  to  separate  merouricum  from  silver  by 
hydrochloric  acid,  special  precautions  must  be  taken,  as  a  solu- 
tion of  mercuric  nitrate  possesses  the  property  of  dissolving 
silver  chloride  (Wackeneodeb,  v.  Liebig,*  H.  DEBEArf). 
Although  the  silver  chloride  in  solution  for  the  most  part 
separates  on  the  addition  of  enough  hydrochloric  acid  to  con- 
vert the  mercuric  nitrate  into  chloride,  or  on  additioD  of 
sodium  acetate,  still  we  cannot  depend  upon  the  complete  pre- 
cipitation of  the  silver.  On  this  account,  tti'h  the  nitric  acid 
solution — which  must  not  contain  any  mercurous  salt,  and  is 
to  be  in  a  sufiiciently  dilute  condition  and  acidified  with  nitric 
acid — with  hydrochloric  acid,  as  long  as  a  precipitate  forms. 
Allow  to  deposit,  filter  off  the  clear  fluid,  heat  the  precipitate 
— to  free  it  from  any  possibly  coprecipitated  basic  mercuric 
salts — witli  a  little  nitric  acid,  add  water,  then  a  few  drops  of 
hydrochloric  acid,  and  filter  off  the  silver  chloride.  In  tie 
filtrate  determine  the  mercury  as  sulphide  (§  118,  Z),  and 
finaUy  test  this  for  silver,  by  ignition  in  a  Btraam  of  hydrogen 
— any  silver  that  may  happen  to  be  present  will  remain  behind 
in  the  metallic  state. 

y.  In  the  separation  of  silver  from  lead,  the  precipitation 
is  advantageously  preceded  by  addition  of  sodium  acetate. 
The  fluid  must  be  hot  and  the  hydrochloric  acid  rather  dilute; 
no  more  must  be  added  of  the  latter  than  is  just  necessaiy. 
In  this  manner,  the  separation  may  be  readily  effected,  since 

*  Annal.  d.  Chem.  u.  Pharni.  81,  12a 

f  Compt.  read.  TO,  847;  Zeitacbr.  f.  anal.  Chem.  IS.  3W. 
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lead  eHoride  dissolves  in  sodium  acetate  (Anthon).  The  sil- 
ver chloride  is  washed  with  hot  water.  The  lead  is  thrown 
down  from  the  filtrate  with  hydrogen  sulpliide.  If  yon  desire 
to  prevent  the  occasionally  injurious  inflnence  of  sodium  ace- 
tate, great  care  must  be  given  to  the  washing  of  the  silver 
chloride.  It  is  also  well  to  reduce  the  weighed  chloride  by 
gentle  ignition  in-  a  current  of  hydrogen,  and  to  test  the  silver 
obtained  for  lead. 

S.  The  volumetric  method  (§  115,  5)  is  OBally  resorted  to  in 
minte  to  determine  the  silver  in  aJloys.  In  presence  of  a  mer- 
onric  salt,  sodium  acetate  is  mixed  with  the  fluid,  inuQediately 
before  the  addition  of  the  solution  of  diloride  of  sodinm.  In 
tlie  East  India  mint  the  silver  is  separated  and  weighed  as 
chloride.* 

h.  MBBcrnosuM  fbom  Mercttbicuh,  Coppbk,  Cadioum,  and 

Mix  the  highly  dilute  cold  solution  with  hydrochloric  acid  107 
as  long  as  a  precipitate  (mercurous  chloride)  forms ;  allow  this 
to  deposit,  filter  on  a  weighed  filter,  dry  at  100°,  and  weigh. 
The  filtrate  contains  the  other  metals.  If  yon  have  to  analyze 
a  solid  body,  insoluble  in  water,  either  treat  directly,  in  the 
cold,  with  dilute  hydrochloric  acid,  or  dissolve  in  highly  dilute 
nitric  acid,  and  mix  the  solntiou  with  a  large  quantity  of  water 
before  proceeding  to  precipitate.  Care  must  always  bo  taken 
that  the  mode  of  solution  is  such  as  not  to  convert  mercurous 
into  mercuric  compounds.  If  lead  is  present  the  washing  of 
the  mercuroBB  chloride  miiBt  be  executed  with  special  care 
with  water  of  60 — 70°,  till  the  filtrate  ceases  to  be  colored  with 
hydrogen  sulphide.  As  an  additional  security,  it  is  well  to 
test  at  last  whether  the  weighed  mercurous  chloride  leaves  no 
lead  sulphide  behind  on  cautions  ignition  with  sulphur  in  a 
stream  of  hydrogen. 

c.  Hbrcubosuh  and  !MJBBcnBicnM  fbom  Cofpeb,  Cadmujx, 
KSTt  (but  less  well)  fbom  Bismuth  and  Lead. 

If  mercnry  is  present  as  a  mercuric  compound,  or  partly  lOB 
in  a  mercuric  and  partly  in  a  mercurons  compound,  it  is  pre- 
cipitated according  to  §  118,  2,  by  means  of  hydrochloric  acid 

•  Cbem.  CentralbU  1878,  808. 
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and  phoephoroua  acid  as  mercoroua  chloride.  The  precipitate, 
particularly'  when  biemnth  ia  present,  is  first  washed  with  water 
containing  hydrochloric  acid,  then  with  pnre  water,  till  the 
washings  are  no  longer  colored  with  hjdrogen  eolphide  (H. 
KosK^).  In  the  presence  of  lead,  the  remarks  in  107  most  be 
attended  ta 

2.   Methods  hosed  upon  the   Imc^vhUity  (f  JJead 
Stdphate. 

Leas  fkom  all  other  Metals  of  the  Fifth  Gbouf. 

Mix  the  nitric  acid  solntion  with  pnre  sulphuric  acid  in  not  101 
too  slight  excess,  evaporate  nntil  the  snlphuric  acid  begins  to 
volatilize,  allow  the  iiuid  to  cool,  add  water  (in  which,  if  there 
is  a  snfficient  qnantitj  of  free  sulphuric  acid  present,  the  mer- 
curic and  bismath  snlphatee  dissolve  completely),  and  then 
filter  the  solution,  which  contains  the  other  metals,  wiihovt 
delay  from  the  undissolved  lead  sulphate.  If  it  ie  feared  that 
the  residue  no  longer  contains  enough  free  sulphuric  acid,  add 
some  dilute  acid  to  it  before  adding  the  water.  Wash  the 
precipitate  with  water  containing  sulpbimo  acid,  displace  the 
latter  with  alcohol,  dry,  and  weigh  (§  116,  3).  Precipitate 
the  other  metals  from  the  filtrate  by  hydrogen  snlphido.  If 
siher  is  present  in  any  notable  quantity,  this  method  cannot 
be  recommended,  as  the  silver  sulphate  is  not  soluble  enongb. 
In  this  case  you  may  follow  Eliot  and  ST0BKE,t  viz.,  mix  the 
solution  with  ammonium  nitrate,  warm,  precipitate  the  greater 
portion  of  the  silver  with  ammonium  chloride,  evaporate  the 
filtrate,  remove  the  ammonium  salts  by  ignition,  and  in  the 
■residue  separate  the  small  remainder  of  the  silver  from  the 
lead  with  sulphuric  acid  as  just  directed.  For  the  separation 
iof  lead  from  bismuth,  on  the  above  principle,  H.  Rosb|  gives 
the  following  process  as  Uie  best.  If  both  oxides  are  in  dilate 
■nitric  acid  solution,  as  is  usually  the  case,  evaporate  to  small 
bulk,  and  add  enough  hydrochloric  acid  to  dissolve  all  the 
bismuth ;  the  lead  separates  partially  as  chlorida  Should  a 
portion  of  the  clear  fluid  poured  off  become  turbid  on  the 
addition  of  a  drop  of  water,  you  must  add  some  more  hydro- 

•  Pogg.  Annal.  110,  684. 

I  Proceedings  of  the  American  Academy  of  Aita  and  Bdaices,  Sept  11,  iMt 
ip.  B2;  Zeltschr.  f.  snal.  Chem.  1,  880. 
-t  Ppgg.  Aiuul.  HO,  48S. 
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chloric  acid,  till  do  permanent  turbidity  is  produced  nnloes 
several  drope  of  water  are  added.  The  turbid  fluids  should 
all  be  returned,  and  the  glasses  rinsed  with  alcoliol.  Add 
now  dilute  snlphnric  acid,  allow  to  stand  some  time  with  stir- 
ring, add  spirit  of  wine  of  -8  ep.  gr.,  stir  well,  allow  to  settle 
for  a  long  time,  filter,  waeh  the  lead  sulphate  first  with  alco- 
hol mixed  with  a  small  quantity  of  hydrochloric  acid,  then 
with  pure  alcohol.  Determine  it  after  §  116,  3.  Mix  the 
filtrate  at  once  with  a  large  quantity  of  water,  and  proceed 
with  the  precipitated  basic  bismuth  chloride  according  to 
§  120,  4. 

3.   Methods  hosed  upon  different  deportment  toiih 
Ck/anide  of  Potassium  {Fbeskniub  and  Haidlkn*). 

a.  Lead  and  Bismuth  fboh  all  otbeb  Mftalb  of  the 
Fifth  GEorp. 

Mix  the  dilute  solution  with  sodium  carbonate  in  slight  110 
excess,  add  solutioa  of  potassium  cyanide  (free  from  sulphide), 
heat  gently  for  some  time,  filter  and  wash.  On  the  filter  you 
have  lead  and  bismuth  carbonates  (containing  alkali) ;  the  fil- 
trate contains  the  other  metals  as  cyanides  in  combination  with 
potassinm  cyanide.  The  method  of  effecting  their  further 
separation  will  be  learnt  from  what  follows.  In  veiy  accurate 
analyses  bear  in  raind  that  the  filtrate  generally  contains  traces 
of  bismuth,  whidi  may  be  precipitated  by  ammoninm  sulphide. 

h.  Silver  fbou  Mercuricitu,  Copper,  and  Caduiuh. 

Add  to  the  solution,  which,  if  it  contains  much  free  acid.  111 
must  previously  be  neai-ly  neutralized  with  soda,  potassium 
cyanide  until  the  precipitate  which  forms  at  first  is  redissolved. 
The  solution  contains  the  cyanides  of  the  metals  in  combina- 
tion with  potassium  cyanide  as  soluble  double  salts.  Add 
dilate  nitric  acid  in  excess,  which  effects  the  decomposition  of 
the  double  cyanides ;  the  insoluble  silver  cyanide  precipitates 
permanently,  whilst  the  mercuric  cyanide  remains  in  solution, 
and  the  cyanides  of  copper  and  cadmium  redissolve  in  the 
excess  of  nitric  acid.  Treat  the  silver  cyanide  as  directed 
§  116,  3.  If  the  filtrate  contains  only  mercury  and  cadmium, 
precipitate  at  once  with  hydrogen  sulphide,  which  completely 


*  AiuutL  d.  Obem.  n.  Fharm.  48, 130. 
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throws  dowD  the  eulpliidee  of  the  two  metals ;  bnt  if  it  con- 
tains  copper,  yon  must  first  heat  with  Bulphuric  acid,  mitU  the 
odor  of  hydrocyanic  acid  is  no  longer  perceptible,  and  then 
precipitate  with  hydrogen  sulphide  (§  119,  3). 

C.    CoPPEB   FROM   KURCURICUU  ASD  CaDMIUU. 

Mix  the  eolation,  as  in  h,  with  potafisium  cyanide  until  the  US 
precipitate  which  is  first  thrown  down  redissolves ;  add  some 
more  potaseinm  cyanide,  then  hydrogen  sulphide  water  or 
ammonium  sulphide,  as  long  as  a  precipitate  fomis.  The 
cadmium  and  mercury  enlphides  arc  completely  thrown  down, 
whilst  the  copper  remains  in  solution,  as  snlphide  dissolved  in 
potaasinra  cyanide.  Allow  the  precipitate  to  snbeide,  decant 
repeatedly,  treat  tlie  precipitate,  for  secnrity,  once  more  with 
solution  of  potassium  cyanide,  heat  gently,  filter,  and  wash 
the  sulphides  of  the  metals.  To  determine  the  copper  in  the 
filtrate,  evaporate  the  latter,  with  addition  of  nitric  and  snl- 
puric  acids,  nntil  there  is  no  longer  any  odor  of  hydrocyanic 
acid,  and  then  precipitate  with  hydrogen  snlpliide  (§  119,  3). 

d.  All  the  Mbtals  of  thk  Fifth  Gbodp  fkou  each 

OTHER. 

Mix  the  dilute  solution  with  sodium  carbonate,  then  with  113 
potassium  cyanide  in  excess,  digest  some  time  at  a  gentle  heat, 
and  filter.  On  the  filter  you  have  lead  carbonate  and  bismuth 
carbonate  (containing  alkali) ;  separate  the  two  metals  by  a 
suitable  method.  Add  to  the  filtrate  dilute  nitric  acid  in 
excess,  warm  gently  till  the  cuproas  sulphocyaiiate  firet  pre- 
cipitated with  the  silver  cyanide  has  redissolved,  and  filter 
off  the  undissolved  silver  salt,  which  is  to  be  determined  as 
directed  §  115,  3.  Neutralize  the  filtrate  with  sodium  cai^ 
bonate,  add  potassium  cyanide,  and  pass  hydrogen  sulphide  in 
excess.  Add  now  some  more  potassium  cyanide,  to  redissolve 
the  copper  sulphide  which  may  have  &Ilen  down,  and  filter 
the  flnid,  which  contains  the  whole  of  the  copper,  from  the 
precipitated  sulphides  of  mercury  and  cadmium.  Determine 
the  copper  as  directed  in  c,  and  separate  the  mercury  and  cad- 
minm  as  in  108. 
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4,  Method*  baaed  on  the  Formation  and  Separation 
of  insoluble  Basic  Salts. 

a.    BiBMDTH  FBOH  CoPPER,  CaDHIITM,  AND  MEBCCBICnU  (dlsO 

from  the  basic  radicals  of  the  first  four  groups,  with  the  excep- 
tion of  ferric  iron). 

Precipitate  the  bismutli  as  basic  cliloride  according  to  §  120,  114 
4,  and  throw  down  the  copper,  Ac,  in  the  filtrate  by  hydro- 
gen sulphide.     Results  thoroughly  eatisfactoiy  (H.  Eobe*). 

h.  Bismuth  fbom  Lead  and  Caduiuu. 

Separate  the  bismuth  according  to  §  120,  1,  c,  as  basic  115 
nitrate,  and  precipitate  the  lead  and  cadmium  in  the  filtrate 
by  hydrogen  sulphide.     Results  very  satisfactory  (J.  LowEf). 

C.    BlSUCTH   AND   CoPPEB   FBOM    LeAD   AND   CaDMIDU. 

Separate  the  bismuth  after  §  120, 1,  e,  as  basic  nitrate,  then 
heat  the  dish  on  the  water-bath  till  the  normal  copper  nitrate 
is  completely  converted  into  bluish-green  basic  salt  and  no 
bine  eolntion  is  produced  on  addition  of  water.  Allow  to  cool, 
treat  with  an  aqneons  solution  of  ammonium  nitrate  (1  in  500), 
filter,  wash  with  the  same  solution,  and  separate  in  the  solution 
lead  from  cadmium;  in  the  residue  copper  from  bismuth. 
Results  very  satisfactory  (J.  Lowe,  loc.  cU.).   . 

5.  Method  hosed  upon  the  Precipitation  of  some  of 
tiie  Metals  by  Am/monia  or  Ammonium  Carbonate, 

COPPEE   FBOM    BiSUUTB. 

Hix  the  (nitric  acid)  solution  with  ammonium  carbonate  116 
in  excess,  and  warm  gently.  The  bismuth  separates  as  car- 
bonate, whilst  the  copper  carbonate  is  redissolved  by  the  excess 
of  ammonium  carbonate.  As  the  precipitate,  however,  gen- 
erally retains  a  little  copper,  it  is  necessary  to  redissolve  it, 
after  washing,  in  nitric  acid,  and  precipitate  again  with  ammo- 
ninm  carbonate ;  the  same  operation  must  be  repeated  a  third 
time  if  required.  Some  solution  of  ammonium  carbonate  may 
be  added  to  the  water  used  for  washing.  Apply  heat  to  the 
filtrate  that  the  ammonium  carbonate  may  volatilize,  acidify 
cautiously  with  hydrochloric  acid,  and  determine  the  copper 
as  cuprous  sulphide  (§  119,  3).     The  oxide  of  bismutli  thus 

*  Pogg.  AnnaL  110,  480.  t  JounL  I-  V^Oa.  Cbem.  7^  845. 
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obtained  is  quite  copper-free,  bat  a  little  biBtnnth  paaees  into 
the  copper  solntion,  bence  tbe  Beparation  does  not  give  such 
exact  resnlta  as  tliat  in  114  (H.  Bose*). 

6.  Method  baaed  on  the  PreeipUaiion  of  the  C&^ar 
as  Chiprou8  Sulphooyanate. 
OoppEB  FKOM  Cadmium  (and  the  metals  of  Qronpe  I. — IYt 
comp.  101). 

Precipitate  the  copper  according  to  §  119,  3,  5,  aa  enpronfl  117 
snlphocjanate  (Rtvor),  and  the  cadmiam  from  the  filtrate  as 
sulphide.    Beenlte  good  (H.  Hose).     Palladium  may  also  be 
separated  from  copper  in  this  way  (WohleeI). 

1.  Method  based  upon  the  different  deporiment  of 
the  Chromaiea. 
Bismuth  fkom  Cadutom. 

Precipitate  tbe  bismuth  as  directed  §  120,  2.     The  filtrate  118 
contains  the  whole  of  the  cadmium.     Concentrate  by  evapora. 
tion,  and  then  precipitate  the  cadmiiun  by  the  cautious  addi- 
tion of  sodium  carbonate,  as  directed  §  121,  1,  a  (J.  Lowe,| 
W.  F^ABSON§).     The  results  given  are  satisfactory. 

8.  Method  haeed  upon  the  different  deporiment  tf 
the  Sulphides  with  Adda. 

a.  Heboobiodu  fbom  Silteb,  Bismuth,  Coppeb,  Cashiijv, 
AHD  (but  less  well)  fbom  Lead. 

Boil  the  thoroughly  washed  precipitated  sulphides  with  119 
perfectly  pure  moderately  dilute  nitric  acid.  The  mercuiic 
sulphide  is  left  uudiBsolved,  the  other  sulphides  are  dissolved. 
No  chlorine  may  be  present,  and  it  is  necessary  that  the  mer^ 
curie  solphide  should  be  pure,  that  is,  free  from  finely  divided 
mercury,  which,  as  is  well  known,  is  precipitated  when  mer- 
onrouB  salts  are  treated  with  hydrogen  sulphide.  G.  v,  Bath| 
employed  this  method,  which  is  so  universally  used  in  qualita- 
tive analysis,  with  perfect  success  for  the  separation  of  mer- 
cury from  bismuth. 

'  Pogg.  AddoI.  110.  480. 

t  AnnaL  d.  Cbein.  a.  Pham.  140,  144]  Zeitscbr.  f.  anal.  Chem.  S,  4I& 

t  Joum.  f .  prakt.  Chem.  67,  469.  |  Pogg.  AnnaL  tW,  888. 

g  PhU.  Mag.  11,  204.  - 
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b.  Copper  from  Cadbouh. 

Boil  the  -well-waflhed  precipitate  of  tlie  eulpliiiles  with  120 
dilute  snlphnric  acid  (1  part  concentrated  acid  and  5  parts 
water),  and,  after  some  time,  filter  tiie  nndiesolved  copper  sul- 
phide, to  be  determined  according  to  §  119,  3,  from  tiie  Boln- 
tion  containing  the  whole  of  the  cadraiam  (A.  W.  Hofmaxn*). 

9.  Methods  based  upon  the  Volatility  of  some  of  the 
Metals,  Oxides,  Chlorides,  or  Sulphides  at  a  high  Tem- 
perature. 
a,  Mekcuky  from  Silver,  Lr&b,  Copper  (in  general  from 
the  tnetalB  forming  non-volatile  chloridee). 

Precipitate  with  hydrogen  sulphide,  collect  the  precipi-  121 
tated  sulphides  on  a  weighed  filter,  dry  at  100°,  weigh,  and 
mix  uniformly.     Introdnce  an  aliquot  part  into  the  bulb  d, 


Pis.  To. 

(fig.  YO),  pass  a  slow  stream  of  chlorine  gaa,  and  apply  a  geii- 
tle  heat  to  the  bulb,  increasing  this  gradually  to  faint  redness. 
To  ensure  complete  absorption  it  is  well  to  have  another  small 
U-tnbe  connected  with  e.  The  excess  of  chlorine  escaping 
from  the  latter  dnring  the  operation  may  be  conducted  into  a 
fine  or  into  a  carboy  containing  moist  slaked  lime.  First  aul- 
phnr  chloride  distils  over,  which  decomposes  with  the  water 
Id  «  (p.  463) ;  then  the  mercuric  chloride  formed  volatilizes, 
condensing  partly  in  e,  partly  in  the  hind  part  of  d.     Cut  ofE 

'  Amial.  d.  Cbem.  u.  Pharm.  115,  386. 
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that  part  of  the  tnbe,  rinse  the  enblimate  with  water  into  e, 
and  mix  the  contents  of  the  latter  vith  tlie  water  in  the  second 
U-tnbe  (not  shown  by  the  fignre).  Mix  the  eolation  with 
excess  of  ammonia,  warm  gently  till  no  more  nitrogen  is 
evolved,  acidify  with  hydrochloric  acid,  and  tlten  determine 
in  the  flaid  filtered  from  the  snlphnr,  which  may  still  remain 
nndissolved,  the  mercniy  as  directed  §  118,  3.  If  the  reeidoe 
consists  of  silver  chloride  alone,  or  lead  chloride  alone,  yon 
may  weigh  it  at  once ;  bnt  if  it  contains  several  metals,  yon 
must  reduce  the  chlorides  by  ignition  in  a  stream  of  hydrogen, 
and  dissolve  the  reduced  metals  in  nitric  acid,  for  their  nlte- 
rior  separation.  Bear  in  mind  that,  in  presence  of  lead,  the 
sulphides  and  the  clilorides  tnuet  be  heated  gently,  in  the  chlo- 
rine and  hydrogen  respectively,  otherwise  some  lead  chloride 
might  volatilize. 

In  alloys  or  mixtures  of  oxides  the  inerenry  may  asnally 
be  determined  with  simplicity  from  the  loss  on  ignition  in  the 
air  or  in  hydrogen. 

b.    BlSMCTH    FBOH   SlLVEB,   LkAB,    AKO   CoPPBB. 

Tlie  separation  is  efEocted  exactly  in  the  samo  way  as  that  IM 
of  mercnry  from  the  same  metals  (121).  The  method  is  more 
especially  convenient  for  the  separation  of  the  metals  in 
alloys.  Care  must  bo  taken  not  to  heat  too  strongly,  as  other- 
wise lead  chloride  might  volatilize;  nor  to  discontinue  the 
application  of  heat  too  soon,  as  otherwise  bismuth  would 
remain  in  the  residue.  Aug,  Vogei.  *  gives  360°  to  370*  as 
the  best  temperature.  Put  water  eontaining  hydrochloric  add 
in  U-tubes,  which  serve  as  receivers  (fig.  70),  and  determine 
the  hismnth  therein  according  to  §  120. 

10.  Pre&ipifatum  t^f  one  Metal  in  iAe  MetaSie  ^at9 
hy  another  or  the  lower  Owide  qf  anolAer. 
a.  Lead  fbou  BisMirrH. 

Precipitate  the  solution  with  ammonium  carbonate  (§  118,  W3 
1,  a  and  §  120,  1,  a),  wash  the  precipitated  carbonates,  and 
dissolve  in  acetic  acid,  in  a  flask ;  place  a  weighed  rod  of  pnre 
lead  in  the  solution,  and  nearly  fill  up  with  water,  so  that  the 

*  Zeltachr.  f.  anal.  Cbem.  18,  SI. 


by  Google 


§  163.]  BASES  OF  ghocp  v.  668 

rod  may  be  entirely  covered  by  the  fluid ;  doee  the  flask,  and 
let  it  Btmid  for  about  12  hours,  with  occasional  shaking. 
Wash  the  precipitated  bismath  off  from  the  lead  rod,  collect 
on  a  filtur,  wash,  and  diseolve  in  nitric  acid  ;  evaporate  the 
solation,  and  determine  the  bismuth  as  directed  §  120.  Deter- 
miue  the  lead  in  the  filtrate  ae  directed  §  116.  Dry  the 
leaden  rod,  and  weigh;  subtract  the  Ices  of  weight  which  the 
rod  has  suffered  in  the  procoas  from  the  amount  of  the  lead 
obtained  from  the  filtrate  (ULLoaEW*).  PATEEAf  recom- 
mends precipitating  from  dilute  nitric  solution,  washing  the 
precipitated  bismuth  first  witli  water,  then  with  alcohol,  trans- 
ferring to  a  small  filter,  drying  and  weighing.  If  it  is  fe^ired 
that  the  finely  divided  bismath  has  undergone  oxidation,  it  is 
well  to  fuse  it  with  potassium  cyanide  (§  120,  4). 

11.  Separaiion  trf  Silver  hy  Oupdlatum. 
Cdpell&tion  was  formerly  the  universal  method  of  deter-  134 

mining  bilv^  in  alloys  with  coppeb,  lead,  etc.  The  alloy  is 
fused  with  a  suffldent  quantity  of  pure  lead  to  give  to  1  part 
of  stiver  16  to  20  parts  of  lead,  and  the  fused  mass  is  heated, 
in  a  muffle,  in  a  small  cupel  made  of  compreseed  bone-ash. 
Lead  and  copper  are  oxidized,  and  the  oxides  absorbed  by  the 
capel,  the  silver  being  left  behind  in  a  state  of  purity.  One 
part  by  weight  of  the  cupel  absorbs  the  oxide  of  about  2  parts 
of  lead ;  the  quantity  of  the  sample  to  be  used  in  the  experi- 
ment may  be  estimated  accordingly.  This  method  is  only 
rarely  employed  in  laboratories ;  J  I  have  given  it  a  place  here, 
however,  because  it  is  oue  of  the  safest  processes  to  deter- 
mine very  small  quantities  of  silver  in  alloys.  § 

12.  Methods  dependirtg  on  the  Volumetric  Estmvt- 
tion  of  one  Met^. 

a.  CoppEB  OF  CuPBons  Compounds  is  Fbesence  of  Cdpbio 

CoKFOITNI)e.| 

Dissolve  the  substance,  if  necessary  in  a  current  of  carbonic  126 

•  Bebzxliub'  Jahresber.  21,  148.  f  Zeltscbr.  f.  anal.  Chem.  B.  296. 

X  For  details  of  this  process  consult  "BodemaDD  aod  Eerl'B  Assaying," 
trKDslated  bj'  Goodtbab  :  or  "  Notes  on  Assaying, "  by  P.  db  Rickbtts. 

g  Compare  Ualaouti  aod  Ditkochbr,  Comp.  rend.  89,  OSS;  DiNei.KB,  IIS, 
aw.     Also  W.  Hampb,  Zeltsclir.  f.  anal.  Chem.  11,  821. 

I  TliB  metbod  of  Comuaillb  (Comp.  read.  SO,  809}  can  no  longer  be  relied 
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acid,  in  lijdroehloric  acid,  and  add  ferric  chloride.  A  vola- 
inetrie  determination  of  the  amount  of  iron  reduced  to  fer- 
i-ous  salt  aftorde  a  basis  for  calculating  the  amount  of  copper 
present  originally  aa  a  caprons  eonipouud;  Or  if  a  kDOwn 
(jiiantity  of  ferric  chloride  is  used,  a  determination  of  the  iron 
u-niainiog  in  tho  atate  of  a  ferric  salt  suffices  equally  welL 

b.  SiLTBB  m  Pkxseuce  of  Leab  asd  Cofpeb. 
Small  quantities  of  silver  may  be  estimated  by  Pisani*8 
method,  §  115,  XL 

Sixth  Oroup. 

OOLn — PLATTVUU — TIN — AUTDIOIfT — (aNTDIOKIO  AOn>)— ABSEBIOUS 
Aom — ABBBmO  Acm. 

I.  Sefabation  of  the  Metals  of  the  Sixth  Ghottp  fboh  those 
OS-  the  fikst  Five  Ghocpb. 


InsBX.    (Th«  munbera  refer  to  those  in  the  mar^) 

Odd  from  the  metaU  of  Groups  I.— Ill,,  136,  181. 
Group  IV..  lae,  128.  18L 
flliver,  129,  147. 
"         mercury.  189.  142, 

lead,  129,  152. 
"        copper.  128,  181. 
"        bUmuth,  129,  ISI,  1S2. 
cadmium.  139, 181, 
floAnvffi  from  the  metals  of  Groups  L~III.,  126, 189, 
Group  rV..  196, 180, 182. 
silTer.  180.  147. 
"  mercury,  180,  149. 

lead,  180. 
"  copper,  180,183. 

"  bismuth,  ISO,  182. 

"  cadmium,  ISO.  182. 

Tin  from  the  metals  of  Groups  I.  and  IL,  120,  180.  141. 
Group  ni.,  126,  186. 

upon,  Bince  ^ab  has  shown  that  the  Snelj  divided  diver  thrown  down  t? 
ammoniacal  solution  of  cuprous  chloride  dissolves  largely  in  ammonis  wi* 
access  of  air. 
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Tia  from  Ziac.  123.  128,  133,  185. 
maogQnusu,  136.  128,  180. 
Dickel  nud  cobalt,  136,  1S8,  188,  l&S.  140. 
iron,  lae,  128. 
rilver,  127,  188,  183,  140. 
"       mercury,  127,  128,  188. 
lead,  127,  128,  188,  140. 
copper,  127,  128,  138.  130,  180. 
biBmuth,  137,  128. 
cadmium,  127,  128,  ISS,  ISO. 
Aniimonff  from  the  metals  of  Groups  I.  and  IL,  126. 
Group  III.,  128. 
zinc,  126,  128,  184. 
"  manganese,  126,  128. 

Dickel  Bad  cobalt.  126,  128.  184,  189,  14a 
iron,  128,  128,  188. 
silver,  127.  128,  184,  140. 
mercury.  127.  128.  184.  186,  148. 
lead,  127,  128,  184,  140,  160. 
copper.  137.  128,  184,  188,  140, 101. 
"  bismuth,  127,  128. 

"  cadmium,  127,  128,  134. 

Arttnie  from  the  metals  of  Group  I.,  126.  140.  148. 

IL,  126,  187,  140,  146. 
IIL,  126,  144.  140. 
UDC,  128,  128,  187,  148,  140.  146. 
mauganeee.  126,  128,  187,  148,  144,  140,  146. 
nickel  and  cobalt,  128,  128, 187, 139, 140, 143, 144,  145, 146. 
Iron,  120,  128.  137,  138,  148,  144.  145. 
diver,  127,  128.  187,  140, 146. 
mercury,  127,  128,  145,  148. 
lead,  127,  128.  187,  140,  145,  149. 
copper,  127,  128,  137,  188,  140,  148,  144,  146,  151. 
hiamutb,  127.  128.  137,  145. 
cadmium,  137,  128,  137,  144,  140. 

A.  Oeneral  Methods. 
1.  Method  hosed  upon  the  Precipitation  of  Metc^ 
of  the  Sixth  Group  from  Aoid  SdutioTia  hy  Sulphuretied 
Hydrogen. 
All  Mktals  of  tee  Sixth  Gbocp  fbou  thobb  of  thb 

FIBST   FOUB   GrOCPB. 

Conduct  into  the  acid*  solution  hydrogen  sulphide  in  126 
ezceee,  and  filter  off  the  precipitated  Btilphides  (corresponding 
to  the  oxides  of  the  sixth  group). 

*  Hydrochloric  acid  answers  beat  aa  acidifying  agent 
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T}ie  points  mentioned  96,  a^  /3,  and  y,  must  also  be 
attended  to  here.  Ab  regards  y,  antimonj  and  tin  are  to  be 
inserted  between  cadmium  and  mercury',  in  the  order  of 
metals  there  given.  With  respect  to  the  pai'ticular  conditioiu 
required  to  secure  the  proper  precipitation  of  certain  metals 
of  the  sixth  group,  I  refer  to  Section  IV.  I  have  to  remaA 
in  addition : 

a.  That  hydrogen  sulphide  fails  to  separate  arsenic  add 
from  zinc,  as,  even  in  presence  of  a  large  excess  of  acid, 
the  whole  or  at  least  a  portion  of  the  zinc  precipitates  witli 
tlie  arsenic  (Wohleb).  To  secure  the  separation  of  the  two 
bodies  in  a  solution,  the  arsenic  acid  must  first  be  converted 
into  arsenious  acid,  by  heating  with  snlphurons  acid,  before 
the  hydrogen  sulphide  is  conducted  into  the  fluid. 

^.  That  in  presence  of  antimony,  tartaric  acid  should  be 
added,  as  otherwise  the  sulphide  of  antimony  will  contain 
chloride  ;  and  that  sulphide  of  antimony,  when  thrown  down 
from  a  boiling  solution  by  hydrogen  snlphide,  becomes  black 
after  a  time,  and  so  dense  that  it  is  deposited  like  saud, 
whereby  the  filtration  and  washing  are  much  facilitated  (S.  P. 

SCHAFKLEB  *). 

2,  Method  haaed  upon  the  SolubiUfy/  of  the  Sulphide 
of  the  Metals  of  the  Sixth  Group  in  Sidphidea  of  the 
Alkali  Metals. 

a.  The  Metals  of  Geoup  VI.  (with  the  exception  of  Gold 
and  Platinum)  fkoh  those  of  Geoup  V, 

Precipitate  the  acid  solution  with  hydrogen  sulphide,  pay-  127 
ing  due  attention  to  the  directions  given  in  Section  IV.  under 
the  heads  of  the  several  metals,  and  also  to  the  remarks  in 
126.  The  precipitate  consists  of  the  sulphides  of  the  nietab 
of  Groups  V-  aid  VI,  Wash,  and  treat  at  once  with  yellow 
ammonium  sulphide  in  excess.  (It  ie  usually  best  to  Bpread 
out  the  filter  in  a  porcelain  dish,  add  the  ammoninra  sulphide, 
cover  with  a  large  watch-glass,  and  place  on  a  heated  water- 
bath.  Unnecessary  exposure  to  air  should  be  avoided.)  Add 
some  water,  filter  off  the  clear  fluid,  treat  the  residue  again 
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with  ammoniam  sulpliide,  digest  a  short  time,  repeat  the  same 
operation,  if  neceesaiy,  a  third  and  fotirth  time,  filter,  and' 
wash  the  residuary  aulpliides  of  Qroap  V.  with  water  contain- 
iog  ammonium  sulphide.  If  stannous  sulphide  is  present, 
some  flowers  of  sulphur  must  be  added  to  the  ammonium  sul- 
phide, unlesB  the  latter  be  very  yellow.  In  presence  of  copper, 
the  snlphide  of  which  is  a  little  soluble  in  ammonium  sulphide, 
sodium  sulphide  should  be  used  instead.  However,  this  sub- 
stitution can  be  made  only  in  the  absence  of  mercury,  since 
the  sulphide  of  tliat  metal  is  soluble  in  sodium  sulphide. 

Add  to  the  alkaline  filtrate,  gradually,  hydrochloric  aeid  in 
small  portions,  until  the  acid  predominates ;  allow  to  sabeide, 
and  then  filter  off  the  sulphides  of  the  metals  of  the  sixth 
group,  which  are  mixed  with  sulphur. 

If  a  solution  contains  much  arsenic  acid  in  presence  of 
small  quantities  of  copper,  bismuth,  &c.,  it  is  convenient  to 
precipitate  these  metals  (together  with  a  very  small  amount  of 
arsenioas  sulphide)  by  a  brief  treatment  with  hydrogen  sul- 
phide. Filter,  extract  the  precipitate  with  ammonium  sulphide 
(or  potassium  sulphide),  acidify  the  solution  obtained,  mix  it 
with  the  former  filtrate  containing  the  principal  quantity  of 
the  areenic,  and  proceed  to  treat  further  with  hydrogen  sul- 
phide (§  127,  4,  b). 

h.  The  Metals  of  GeottpVI.  (with  the  exception  of  Gold 
and  Platinum)  vmm  thosb  of  Gkodps  IV.  and  V. 

a.  Neutralize  the  solution  with  ammonia,  add  ammonium  128 
chloride,  if  necessary,  and  then  yellow  ammonium  sulphide  in 
excess ;  digest  in  a  closed  fiask,  for  some  time  at  a  moderate 
heat,  and  then  proceed  as  in  127.  Repeated  digestion  with 
fresh  quantities  of  ammonium  sulphide  is  indispensable.  On 
the  filter,  you  have  the  sulphides  of  the  metala  of  Groups  IT 
and  V,  Wash  with  water  containing  ammonium  sulphide. 
In  presence  of  nickel,  this  method  offers  peculiar  difficul- 
ties ;  traces  of  mercuric  sulphide,  too,  are  liable  to  pass  into 
the  filtrate.  In  presence  of  copper  (and  absence  of  mer- 
cary),  soda  and  sodium  sulphide  are  substituted  for  ammonia 
and  ammonium  sulphide.* 

*  The  sccuracj  of  tbia  method  boa  been  called  in  question  by  Bloxau  <Quart. 
Joom.  Chem.  Soc.  G,  119).     That  chemiat  found  tbat  ammonium  sulphide  faili 
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§.  In  the  analysiB  of  solid  compoTinda  (oxides  or  salts),  it 
is  in  niOBt  cases  preferable  to  fose  the  Bubetance  with  3  parts 
of  drj  Bodinm  carbonate  and  3  of  ealphur,  io  a  covered  porce- 
lain crnclble.  When  the  contents  are  completely  fused,  and 
the  excess  of  snlphur  is  volatilized,  the  mass  is  allowed  to  cool, 
and  then  treated  with  water,  which  dieaolvea  the  snlphoealts 
of  tlie  metals  of  the  sixth  group,  leaving  the  sulphides  of 
Groups  jy.  and  Y.  nndtasolved.  By  this  means,  even  ignited 
Btannic  oxide  may  be  readily  tested  for  iron,  &c.,  and  the 
amount  of  the  admixture  determined  (H.  Kobe),  The  eola- 
tion of  the  Bulphosalts  is  treated  ae  in  127.  In  the  presence 
of  copper,  traces  of  the  sulpliide  may  be  dissolved  witli  the 
sulphides  of  Group  TI.  Occasionally  a  little  ferrous  sulphide 
dissolves,  coloring  the  solution  green.  In  that  case  add  some 
ammonium  chloride,  and  digest  till  the  solution  has  tamed 
yellow.  Instead  of  the  mixture  of  sodium  carbonate  and  sul- 
phur you  may  also  use  already  prepared  hepar  stdphurie,  or, 
as  Fbohde*  says,  yon  may  fuse  the  substance  with  4  or  5  parts 
of  sodium  tliiosulphate. 

B.  Special  Methods. 
1.  Methods  based  vpon  ths  InaolvhUiiy  of  tome 
Metals  of  the  Sixth  (rroup  in  Acids, 
a.  Gold  from  Metals  of  Gboups  IV.  and  V.  in  Allots. 
a.  Boil  the  alloy  with  pure  nitric  acid  (not  too  concen-  189 
tratcd),  or,  according  to  circumstances,  with  hydrochloric  acid. 
Tlie  other  metals  diesolve,  the  gold  is  left.     The  alloy  mnst 
bo  reduced  to  filings,  or  rolled  out  into  a  thin  sheet.     If  the 
alloy  were  treated  with  concentrated  nitric  acid,  and  at  a  tern- 
]>erature  below  boiling,  a  little  gold  might  dissolve  in  conse- 
qnence  of  the  co-operation  of  nitrons  acid.     In  the  presence 
of  silver  and  lead,  this  method  is  only  applicable  when  they 

Io  wparnlesmftllqnantltleaof  staDDicBulptaidefrom  Ifirfic  quantities  of  mcrcuiie 
Kiilphido  or  cadmium  sulphide  (1  :  100):  and  Ihat  more  eapccially  the  sepsratJon 
of  copper  from  tin  and  aDtimony(al30  from  arsetiic)  by  this  method  is  a  fiJlnn, 
as  Dearly  the  whole  <if  Che  tin  remains  with  the  cnpper.  The  latter  «utem«ni  1 
cannot  conflnn,  for  Mr.  LtJCiUS,  in  my  laboratorj,  has  succeeded  in  sepiretiiig 
copper  from  tin  by  means  of  yellowish  sodium  sulphide  completely;  but  it  is 
indispensable  to  digest  three  or  four  times  with  suRicieDlly  large  quantitiea  of 
the  solvent,  as  stated  in  the  text. 
*  ZeiUchr.  f.  anal.  Cbem.  0,  400. 
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amount  to  more  than  SO  per  cent.,  since  otherwiee  tliej  are 
not  completely  diaeolved.  Alloys  of  silver  and  gold  contain- 
ing less  than  80  per  cent,  of  silver  are  therefore  fused  with  3 
parts  of  lead,  before  they  are  treated  with  nitric  acid.  The 
residoary  gold  is  weighed ;  but  its  purity  must  be  ascertained, 
by  diflsolving  in  cold  dilute  nitrohydrochloric  acid,  not  in  con-  * 
centrated  hot  add,  as  silver  chloride  also  is  soluble  in  the  latter. 
In  the  presence  of  silver,  a  small  quantity  of  its  chloride  is 
usually  obtained  here.  If  it  can  be  weighed,  it  should  be 
reduced  and  deducted. 

At  the  Mint  Conference  held  at  Tienna  in  1857,  the  fol- 
lowing process  was  agreed  upon  for  the  mints  in  the  several 
states  of  Germany.  Add  to  1  part  of  gold,  supposed  to  be 
present,  2^  parts  of  pure  silver ;  wrap  both  the  alloy  and  the 
silver  in  a  paper  together,  and  introduce  into  a  cupel  in  which 
the  requisite  amount  of  lead  is  just  fusing.*  After  the  lead 
has  been  absorbed,!  the  button  is  flattened  by  hammering  or 
rolling,  then  ignited  and  rolled.  The  rolls  are  treated  first 
with  nitric  acid  of  1'2  sp.  gr.,  afterwards  with  nitric  acid  of 
1-8  sp.  gr.,  rinsed,  ignited,  and  weighed.^  Even  after  boiling 
again  with  nitric  acid  of  1'3  sp.  gr.,  they  retain  -75  to  "001 
of  silver  which  will  remain  as  chloride  if  the  rolls  are  treated 
with  cold  dilute  aqua  regia  (H.  Kossleb,  loo.  ctt.). 

/?.  Heat  the  alloy  (previously  filed  or  rolled)  in  a  capacious 
platianm  dish  with  a  mixtnre  of  2  parts  pure  concentrated 
sulphuric  acid  and  1  pai-t  water,  until  the  evolution  of  gas  has 
ceased  and  the  sulphuric  acid  begins  to  volatilize ;  or  fuse  the 
alloy  with  potassium  disulphate  (H.  Kose).  Separate  the  gold 
from  the  sulphates  of  the  other  metals,  by  treating  the  mass 
with  water  which  should  finally  be  boiling.  It  is  advisable  to 
repeat  the  operation  with  the  separated  gold,  and  ultimately 

*  If  the  weighed  sample,  say  '2S  gnu.,  containa  Q8-02g  gold,  8  gna.  at  lead 
are  required ;  if  9a-87'6,  4  grm. ;  if  87  (i-TB,  S  grm. ;  If  75-60.  6  grm. ;  if  60-86. 
7  gna. ;  If  less  than  80,  8  grm. 

I  A  small  quaatitjr  of  gold — from  one  to  three  thousandths — is  always  lost 
ia  cupellatlon.  The  loss  iacreaaes  with  the  araouot  of  lead,  and  is  also  depen- 
dent on  the  proportion  of  silver  to  gold.  The  moTe  silver  present  the  less  is  the 
loaa  of  gold.  In  large  buttons  the  loss  Is  less  than  in  small  ones  (H.  ROflSLBB, 
Ding,  polyt.  Joum.  306,  185;  Zeltschr.  f.  anal.  Cbem.  18,  87). 

t  Kunst-uad  Oewerbeblatt  f.  Baiem,  1S6T,  ISli  Chem.  Oentralbl,  1867,  807: 
Polyt.  Oentralbl.  1B67,  1161. 1471,  168». 
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test  the  purity  of  the  latter.     In  presence  of  lead  this  method 
is  not  good. 

y.  The  methodB  given  in  a  and  ^  maj  be  anited,  t^.,  the 
cnpeUed  and  tliinly-roUed  metal  may  be  first  warmed  with 
nitric  acid  of  1'2  sp.  gr.,  then  thoroughly  washed,  the  gold 
boiled  5  minutes  with  concentrated  Bulpharic  acid,  washed 
again,  and  ignited  (Mascazzini,  Buoatti). 

b.  Platincm   from   Metals   of    Gboups   IV.    and  T.  dt 
Allots, 

The  separation  is  effected  by  beating  tlie  alloy  in  filingB  ISO 
or  foil  with  pure  concentrated  sulphuric  acid,  with  addition  of 
a  little  water,  or  by  fusing  with  potaseitiin  disolphate  (12d,  fi}; 
but  not  with  nitric  add,  as  platinum  in  alloys  will,  ander  cer- 
tain circamstances,  dissolve  in  that  acid. 

2.  Method  based  upon  the  Separation  of  Odd  tn 
the  metallic  state. 

Gold  from  all  Metals  of  Grodpb  I, — V.,  with  the  excep- 
tion of  Lead,  Mebcpby,  ajtd  Silteb. 

Precipitate  the  hydrochloric  acid  solution  with  oxalic  add  131 
as  directed  §  123  b,  y,  or  with  ferrous  sulphate,  §  123,  h,  a, 
and  filter  off  the  gold  when  it  has  completely  separated.  Take 
care  to  add  a  sufficient  quantity  of  hydrochloric  add  after  the 
reduction  to  insure  solution  of  any  oxalates.  In  the  presence 
of  copper  tlie  addition  of  hydrochloric  acid  does  not  suffice, 
since  the  coprecipitated  cupric  oxalate  will  dissolve  vith  diffi- 
culty in  this  acid.  E.  Pubqotti*  recommends  in  tliis  case, 
after  precipitation,  adding  potash  cautiously  to  the  boiling  hot 
fluid  till  it  is  neutral,  and  then  if  necessary  some  normal 
potassium  OTcalate.  Double  oxalate  of  copper  and  potash  will 
be  formed  which  diasolres  with  a  bine  color.  The  gold  after 
washing  will  now  be  pure. 

3.  MeOwA  based  upon  the  Precipitation  (f  Pla- 
tinum as  Potassium  Platinie,  or  Ammonium  PlaUme 
Chloride. 

pLATrami    FBOM    THB    MbTALS    OF    GbODFB    IV.    AND   V., 

with  the  exception  of  MEBCtiBr  m  Meboujecous  Cokpochds, 
Lead,  abd.  Silteb. 

Predpitate    the    platinum  with    potassinm   chloride    or  18> 
•  Zeitccbr.  t.  lual.  Chem.  9, 138. 
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ammoninm  chloride  as  directed  §  121,  and  wash  the  precipi- 
tate thoroughly  with  alcohol.  The  platinum  prepared  from 
the  precipitated  ammonium  or  potaseium  salt  is  to  be  tested 
after,  being  weighed,  to  see  whether  it  yields  any  metal 
(especially  iron)  to  fosing  potassium  dienlphate. 

4.  Methods  haee^  upon  the  Sejparation.  of  Oioidea 
ingolvUe  in  Nitric  Acid. 

a.  Tin  fbou  Metals  of  Groups  IV.  and  V.  (not  from 
Bismnth,  Iron,  or  Manganese*)  in  Alloys. 

Treat  the  finely  divided  alloy,  or  the  metallic  powder  133 
obtained  by  reducing  the  oxides  in  a  stream  of  hydrogen  with 
nitric  acid,  as  directed  §  126,  1,  a.  The  filtrate  contains  the 
other  metals  as  nitrates.  As  stannic  oxide  .is  liable  to  retain 
traces  of  copper  and  lead  and  iron,  yon  must,  in  an  accurate 
analysis,  test  an  aliquot  part  of  it  for  these  bodies,  and  determine 
their  amount  as  directed  128,  p. 

Bbunneb  recommends  the  following  course  of  proceeding, 
by  which  the  presence  of  copper  in  the  tin  may  be  effectually 
guarded  against.  Dissolve  the  alloy  in  a  mixture  of  1  part  of 
nitric  acid,  4  parts  of  hydrochloric  acid,  and  5  parte  of  water ; 
dilute  the  solntion  largely  with  water,  and  heat  gently.  Add 
crystals  of  sodium  carbonate  until  a  distinct  precipitate  has 
formed,  and  boil.  (In  presence  of  copper,  the  precipitate 
must,  in  this  operation,  change  from  its  original  bluish-green 
to  a  brown  or  black  tint.)  When  the  fluid  has  been  in  ebulli- 
tion some  10  or  15  minutes,  allow  it  to  cool,  and  then  add 
nitric  acid,  drop  by  drop,  until  the  reaction  is  distinctly  acid ; 
-  digest  xhe  precipitate  for  several  hours,  when  it  should  have 
acquired  a  pure  white  color.  The  stannic  oxide  thus  obtained 
is  free  from  copper ;  but  it  may  contain  some  iron,  wliich  can 
be  removed  as  directed  in  12B,  fi. 

Before  the  stannic  oxide  can  be  considered  pure,  it  must 
be  tested  also  for  silicic  acid,  aa  it  frequently  contains  traces  of 
this  substance.     To  this  end,  an  aliquot  part  is  fused  in  plati- 

*  If  Ihe  alloy  of  tin  contains  biemntli  or  maDgaaeae,  there  remaina  with  the 
stannic  oxide,  bismuth  triozide  or  mangaoeee  sesquioxide,  which  canoot  be 
extracted  by  nitric  acid ;  If  it  contaiDS  iron,  on  the  contrary,  some  stannic  oxide 
always  dissolves  with  the  iron,  and  caunol  be  separated  eveu  by  repeated  evapo- 
raiitm  (H.  Roes,  Pogg.  Annal.  US,  169,  170.  172). 
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nuin  vith  8 — i  parts  of  Bodinm  and  potasaiam  carbonate,  the 
fused  mass  boiled  with  water,  and  the  sohitioa  filtered ;  fajdro- 
chloric  acid  ie  then  added  to  the  filtrate,  and,  Bhoald  silicie  add 
separate,  the  fluid  ie  filtered  off  from  this  Babetance.  The  tin 
is  then  precipitated  by  hydrogen  sulphide,  and  the  silicic  add 
etill  remaining  in  the  filtrate  is  determined  in  the  osaal  way 
(§  140).  If  hydrochloric  acid  has  prodnced  a  precipitate  of 
silicic  acid,  the  last  filtration  is  effected  on  the  same  filter 
(Khittel*). 

b.  Antimony  fbom  the  Metals  of  Qhoups  IV.  ahd  Y.  vs 
Allots  (not  from  Bismuth,  Iron  and  Manganese). 

Proceed  as  in  133,  filter  off  the  predpitate,  and  convert  it  134 
by  ignition  into  antipiony  tetroxide  according  to  §  125,  2. 
Results  only  approximate,  as  a  little  antimony  diESolves. 
Alloys  of  antimony  and  lead,  containing  the  former  metal  in 
excess,  should  be  previonsly  fased  with  a  weighed  quantity  of 
pure  lead  (VABBENTEAPPt). 

5.  Methods  bailed  on  the  Precipitation  of  Tin  «» 
Stannic  Salts  by  formal  Satta  (e.g.,  Sodivm,  Svljphaie) 
or  hy  Svlphuric  Acid. 

Tin  fboh  the  Metals  of  Gbodpb  I,,  II.,  Ill, ;  also  feom 
Manoanese,  Zinc,  Nickel  and  Cobalt,  Coppeb,  CAPimnf 
(Gold). 

Precipitate  the  hydrochloric  acid  solution,  which  must  139 
contain  the  tin  entirely  as  stannic  chloride,  according  to  §  126, 
1,  by  by  ammonium  nitrate  or  sodium  sulphate  (Lowenthal), 
or  by  sulphuric  acid,  which,  H,  Eose  aays,  answers  equally 
well.  Alloys  are  always  treated  as  follows :  First,  oxidize  by 
digestion  with  nitric  acid ;  when  no  more  action  takes  place, 
evaporate  the  greater  portion  of  the  nitric  acid  in  a  porcelain 
dish,  moisten  the  mass  with  strong  hydrochloric  acid,  and  after 
half  an  hour  add  water,  in  which  the  metastannic  chloride  and 
the  other  chlorides  dissolve.  Alloys  of  tin  and  gold  are  dis- 
solved in  aqua  regia,  the  excess  of  add  evaporated,  and  the 
solution  dilnted  with  much  water,  before  precipitating  with 
sulphuric  acid. 

It  must  be  remembered  that  in  this  process  any  phosphoric 

*  Chem.  CeoUvlbl.  18S7,  «29.  f  Diaglar's  poljt.  Jouni.  158.  S1& 
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acid  that  may  be  preeeut  is  precipitated  eotirelj  or  partially 
with  the  tin.  After  the  precipitate  has  been  well  -washed  by 
decantation,  Lowbnthal  recommends  to  boil  with  a  miztare 
of  1  part  nitric  acid  (ep.  gr.  1'2)  and  9  parts  water,  then  to 
transfer  to  the  filter,  and  wash  thoronghly.  Results  very 
satisfactory.  If  the  fluid  contains  a  ferric  bhU,  a  portion  of 
the  iron  always  falls  down  with  the  tin.  Hence  the  stannic 
oxide  mOBt  be  tested  for  iron  according  to  128,  y5,  which,  if 
present,  most  be  determined  and  deducted. 

6.  Method  billed  on  the  Insolubility  of  Mercuric 
Sulphide  in  Sydroehloric  Acid. 

Mebcust  fbom  Ahtimont. 

Digest  the  precipitated  sulphides  with  moderately  strong  136 
hydrochloric  acid  in  a  distilling  apparatus.  The  sulphide  of 
antimony  dissolves,  while  the  mei-cnric  sulphide  remains 
behind.  Expel  all  the  hydrogen  sulphide,  then  add  tartaric 
acid,  dilate,  filter,  mix  the  filtrate  with  the  distillate  which 
contains  a  little  antimony,  and  precipitate  with  hydrogen 
sulphide.  The  mercuric  sulphide  may  be  weighed  as  such  (F. 
Field*), 

7.  Methods  hosed  upon  the  Conversion  of  Arsenic 
and  Antimony  into  Alkali  Arsenate  and  Antitrumate. 

a.  Absenio  fbom  the  Metals  of  Gboups  II.,  IV.,  ahd  Y. 

If  you  have  to  do  with  arsenitcs  or  arsenates,  fuse  with  3  187 
parts  of  sodium  and  potassium  carbonates  and  1  part  of  potas- 
sinm  nitrate ;  if  an  alloy  lias  to  be  analyzed  it  is  fueed  with  3 
parts  of  sodium  carbonate  and  3  parts  of  potassium  nitrate. 
In  either  case  the  residue  is  boiled  with  water,  and  the  Bolution, 
which  contains  the  arsenates  of  the  alkalies,  filtered  from  the 
undissolved  oxides  or  carbonates.  The  arsenic  acid  is  deter- 
mined in  the  filtrate  as  directed  g  127,  2.  If  the  quantity  of 
arsenic  is  only  small,  a  platinum  crucible  may  be  used,  other- 
wise a  porcelain  cmcible  must  be  used,  as  platinum  wonld  be 
seriously  injured.  In  the  latter  case,  bear  in  mind  that  the 
fnsed  mass  is  contaminated  with  silicic  acid  and  alumina.  If 
the  aUoy  contains  much  arsenic  a  small  quantity  may  be  readily 
loet  by  volatilization,  even  though  the  operation  be  cautiously 

*  Quart.  Journ.  Chem.  8oc.  12,  S9. 
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conducted.  In  sncb  a  case,  therefore,  it  is  better  first  to  oxidize 
with'  nitric  acud,  tlicn  to  evaporate,  and  to  fuse  the  reeidne  >s 
above  directed  with  sodium  carbonate  and  potaseinm  nitrate. 

b.  Absenio    and    Antthony    fboh    Copper   akd    Isos, 
especially  in  ores  containing  siilpbnr. 

DifEuae  the  very  finely  pulverized  mineral  tbrongh  pore  IM 
solution  of  potassa,  and  conduct  chlorine  into  the  fluid  (comp. 
p.  467).     The  iron  and  copper  separate  as  oxides,  the  solution 
contains  sulphate,  arsenate,  and    antimonate  of    potasejom 
{RivoT,  Becdant,  and  Daqitin*). 

c.  Absenio  and  AiniuoNr  fboh  Cobalt  and  Nickel. 
Dilute  the  nitric  acid  solution,  add  a  large  excess  of  potasea,  IN 

heat  gently,  and  conduct  chlorine  into  the  fluid  until  the  pre- 
cipitate is  black.  The  solution  contains  the  whole  of  the 
arsenic  and  antimony,  the  precipitate  the  nickel  and  cobalt  as 
sesquioxides  (Rivot,  Bbudaht,  and  Dagdik,  loc.  cit.) 

8.  Methods  based  upon  the  Volatility  of  certain 
Chlorides  or  Metals. 

a.  Tin,  Antimont,  Assesio  fbou  Copper,  Silteb,  Leai^ 
Cobalt,  Nickel. 

Treat  tlie  sulphides  with  a  stream  of  perfectly  dry  chlorine,  140 
proceeding  exactly  as  directed  in  121.  In  presence  of  anti- 
mony, fill  the  receiver  e  (fig.  70)  with  a  solution  of  tartaric 
atid  in  water,  mixed  with  hydrochloric  acid.  The  metals  may 
be  also  separated  by  this  method  in  alloys.  The  alloy  must 
be  very  fliiely  divided.  Arsenical  alloys  are  only  very  alowly 
decomposed  in  this  way.  In  separating  arsenic  and  copper 
the  temperature  must  not  exceed  200°,  and  chlorine  water 
should  be  pnt  into  the  receiver  (PABNELLf).  If  tin  and  copper 
are  separated  in  this  manner,  according  to  the  experience  of 
H.  RosE,f  a  small  trace  of  tin  remains  with  the  copper  chlorida 
h.  SrABino  OxiDB,  AnriKOinotts  Ozidb  (and  also 
ANTiHoinc  Aon>),  Absehious  and  Absenio  Acids,  fboh 
Alkalies  and  Alkaline  Earths. 

Mix  the  solid  compound  with  5  parts  of  pure  ammonium  141 
chloride  in  powder,  in  a  porcelain  crucible,  cover  this  with  a 

*  Compt.  rend.  18SS,  885i  Journ.  f.  pnikt.  Chem.  61,  133. 
t  Chem.  News,  21,  183.  }  Fogg.  AnnaL  118,  UA 
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concave  platinum  lid,  on  which  some  ammonium  chloride  is 
sprinkled,  and  ignite  gently  until  all  ammonimn  chloride  is 
driven  off;  nii.\  the  contents  of  the  crncible  with  ii  fresh  por- 
tion of  that  salt,  and  repeat  the  operation  until  the  weight 
remains  constant.  In  thie  process,  the  chlorides  of  tin,  anti- 
mony, and  arsenic  escape,  leaving  the  chlorides  of  the  alkalies 
and  alkall-earth  metals.  The  decomposition  proceeds  most 
rapidly  with  alkali  salts.  With  regard  to  salts  of  alkali-earth 
metals  it  is  to  be  observed  that  those  which  contain  antimonic 
acid  or  stannic  oxide  are  generally  decomposed  completely  by 
a  double  ignition  with  ammonium  chloride  (magnesium  ijone 
cannot  be  separated  perfectly  from  antimonic  acid  by  this 
method).  The  arsenates  of  the  alkali-earth  metals  are  the 
most  troublesome  to  decompose ;  barium,  stroninm,  and  caJ- 
<.-inm  salta  nsnally  require  to  be  subjected  5  times  to  the  operas 
tion,  before  they  are  free  from  arsenic,  and  magnesium  arsenate 
it  is  impossible  thoronghly  to  decompose  in  this  way  (H. 
KosB*).  According  to  SALKOwsKif  barium  arsenate  may  be 
converted  into  chloride  quite  free  from  arsenic  by  one  ignition 
with  ammonium  chloride ;  however  calcium  arsenate  was  found 
to  leave  a  residue  containing  arsenic  acid  even  after  six  igni- 
tions with  ammonimn  chloride. 

e.  Mercury  from  Gold  (Silver,  and  gknekally  fbou 
THE  Non-volatile  Metals). 

Heat  the  weighed  alloy  in  a  porcelain  crucible,  ignite  till  142 
the  weight  is  constant,  and  determine  the  mercury  from  the 
loss.  If  it  desired  to  estimate  it  directly,  the  apparatus,  p.  807, 
fig.  54,  may  be  used.  In  eases  wliei-e  the  separation  of  mei^ 
cnry  from  metals  that  oxidize  on  ignition  in  the  air  is  to  be 
effected  by  this  method,  the  operation  mast  be  condacted  in 
an  atmosphere  of  hydrogen  (p.  251,  fig.  50). 

Methods  baaed  on  the  Volatility  ofAreemoug 


Akszkic  Acid  fbom  the  Oxides  op  Manganese,  Iron, 
Zisc,  Copper,  Nickel,  Cobalt  (not  so  well  frou  OxroE  of 
Lead,  and  not  from  Oxides  of  Silver,  Aluminom,  or  Mao- 
nesiom). 

Mix  the  arsenic  acid  compound  (no  matter  whether  it  has  148 
■  Pogg.  Anu).  78.  683;  H.  STB;  113,  173.      f  Jonm.  f.  piakt  Chem.  104, 18& 
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been  air-dried  or  gently  ignited)  with  Bolphar,  and  ignite 
under  a,  good  draught  in  an  atmosphere  of  hydrogen  (p.  251, 
fig.  50 ;  the  perforated  lid  must  in  this  case  be  of  porcelain ; 
platinum  would  not  answer).  The  whole  of  the  arsenic  voh- 
tilizee,  the  sulphides  of  manganeee,  iron,  zinc,  lead,  and  copper 
remain  behind ;  they  inay  be  weighed  directly.  After  wei^ 
ing,  add  a  freeh  quantity  of  sulphur  to  the  residue,  ignite  as 
before,  and  weigh  again ;  repeat  this  operation  until  the  weight 
remains  constant.  Usually,  if  the  compound  was  intimately 
mixed  with  the  sulphur,  the  conversion  of  the  arsenate  into 
sulphide  is  complete  after  the  first  ignition.  Heanlts  very  good. 
In  separating  nickel  the  analyst  will  remember  that  the 
residue  cannot  be  weighed  directly,  since  it  does  not  possess  a 
constant  composition ;  hence  the  ignition  in  hydrogen  may  be 
saved ;  nickel  arsenate  loses  all  its  arsenic  on  being  umply 
mixed  with  sulphur  and  heated.  The  heat  should  be  moderate 
and  continued  till  no  more  red  sulphide  of  arsenic  is  visible 
on  the  inside  of  the  porcelain  crucible.  It  is  advisable  to  repeat 
the  operation.  The  separation  of  arsenic  from  eobalt  cannot 
be  completely  effected  in  this  manner  even  by  repeated  treiU- 
ment  with  sulphur,  but  it  can  be  effected  by  oxidizing  the  resi- 
due with  nitric  acid,  evaporating  to  dryness,  mixing  with  buI- 
pbur,  and  reigniting.  Smaltine  and  cobaltine  must  be  treated 
in  the  same  manner  (H.  Kobe*).  1  should  not  fot^t  to  men- 
tion that  EBELMK:N,t  a  long  while  ago,  noticed  the  separation 
of  arsenic  acid  from  sesquioxide  of  iron  by  ignition  in  a  stream 
of  hydrogen  sulphide. 

10,  Method  hosed  upon  the  Separation  {jfArsmie  ai 
Am/monium  MagTieaium  Arsenate. 

Absbnic  Aero  feom  Coppbe,  Cabmidm,  Fbsbic  Ikon,  Mam- 
OANEBE,  Nickel,  Cobalt,  Aluuinium. 

Mix  the  hydrochloric  acid  solution,  which  must  contain  144 
the  whole  of  the  arsenic  in  the   form  of  arsenic  acid,  with 
enough  tartaric  acid  to  prevent  precipitation  by  ammonia,  pre- 
cipitate the  arsenic  acid  according  to  §  127,  2,  as  ammonium 
magnesium  arsenate,  allow  to  settle,  filter,  wash  once  with  s 

*  Zeitachr.  f.  anal.  Chem.  1,  4ia 

t  Auoal.  de  Cbim.  et  de  Rkja.  (8)  26,  ML 
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mixture  of  3  parts  water  and  1  part  ammonia,  redisaolve  in 
hydrotihtoric  acid,  add  a  very  minute  quantity  of  tartaric  acid, 
enpersaturate  again  with  ammonia,  add  some  more  magnesium 
chloride  and  ammonium  chloride,  allow  to  deposit,  and  deter- 
mine the  now  pure  precipitate  accordiDg  to  g  127,  2.  In  the 
filtrate  the  bases  of  Groups  IV.  and  V.  may  be  precipitated  by 
ammonium  sulphide  ;  if  alaininium  is  present,  evaporate  the 
filtrate  from  the  sulphides  with  addition  of  sodium  carbonate 
and  a  little  nitre  to  dryness,  fnse,  and  estimate  the  aluminium 
in  the  residue.  The  method  is  more  adapted  to  the  separation 
of  rather  large  than  of  very  email  quantities  of  arsenic  from  the 
above-named  metals,  since  in  the  case  of  small  quantities  the 
minute  portions  of  ammooium  magnesinm  arsenate  that  remain 
in  solution  may  exercise  aconsiderahle  influence  on  the  accn 
racj  of  the  result. 

11.  MeQiad  based  upon,  the  S^arationof  Araenie  at 
Am/monvum,  Arsenio-mol/yhdate. 

ASSESIO  AOID  FBOH  ALL  MkTALS  OF  GeOIJPS  I. — Y. 

Separate  the  arsenic  acid  as  directed  in  §  127,  2,  h ;  long  146 
CODtinned  heating  at  100°  is  indispensable.  The  determination 
of  the  ba^c  metals  is  most  conveniently  effected  in  a  special 
portion. 

12.  Method  based  -upon  the  InaolvhUity  of  Ferrit 
Araenaie. 

Absbnio  Aom  fboh  the  Mutals  of  Gkoupb  I.  asd  II., 
ASD  FBOH  Zmo,  Manoanesb,  Kioebl,  and  Cobalt. 

Mix  the  hydrochloric  solution  with  a  sufficient  quantity  of  146 
pure  ferric  chloride,  neutralize  the  greater  part  of  the  free 
acid  with  sodium  carbonate,  and  precipitate  the  iron  and  arse- 
nic acid  together  with  barium  carbonate  in  the  cold  or  with 
sodium  acetate  at  a  boiling  heat.  The  precipitate  should  be  so 
basic  as  to  have  a  brownish-red  color.  The  method  is  espe- 
cially suitable  for  the  separation  of  arsenic  acid  when  its  esti- 
mation is  not  required.  However,  the  precipitate  may  be  dis- 
solved in  hydrochloric  acid  and  the  arsenic  determined  by 
precipitatiou  with  hydrogen  sulphide. 
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13.  Methods  baaed  upon  the  Insolvbililtf  of  tome 
Chloridea. 

a.  Silver  fbom  Gold. 

Treat  the  alloy  with  cold  dilnte  nitrohydrochloric  acid,  147 
dilate,  and  £Iter  the  solution  of  aaiic  cbioride  £roni  the  nndifi- 
Bolved  silver  chloride.  This  method  is  applicable  only  if  the 
alloy  contains  lees  than  15  per  cent,  of  eilver ;  for  if  it  contains 
a  larger  proportion,  the  silver  chloride  which  forms  protects 
the  andecomposed  part  from  the  action  of  the  acid.  In  the 
same  way  silver  may  be  eeparsted  also  from  platinum. 

h.  Mebcdbt  from  the  Oxygen  Coufounds  op  Absehio 
AND  Antimony. 

Precipitate  the  mercury  from  the  hydrochloric  solatioD  by  148 
means  of  phosphorous  acid  as  mercnrons  chloride  (§  118,  2). 
The  tartaric  acid,  which  in  the  presence  of  antimony  must  be 
added,  does  not  interfere  with  the  reaction  (H.  Hose*). 

14.  Methods  based  upon  the  InsolvbUUy  of  certain 
Sulphates  in  Water  or  Alcohol. 

a.  Aksesic  Acm  fbom  Babihm,  Stbontium,  Calcium,  and 

Proceed  as  for  the  separation  of  phosphoric  acid  from  the  141 
same  metals  (§  135,  b).  The  componnds  of  these  basic  radicals 
with  aisenious  acid  are  first  converted  into  arsenates,  before 
the  snlphnric  acid  is  added ;  this  conversion  is  effected  by 
heating  the  hydrochloric  acid  solution  with  potassium  chlo- 
rate or  by  means  of  bromine. 

b.  Antimony  fbom  Lead. 

Treat  the  alloy  with  a  mixture  of  nitric  and  tartaric  acids.  190 
The  solution  of  both  metals  takes  place  rapidly  and  with  ease. 
Precipitate  the  greater  part  of  the  lead  as  sulphate  (§  116,  3), 
■filter,  precipitate  with  hydrogen  sulphide,  and  treat  the  enl- 
phidee  according  to  128,  with  ammoDium  sulphide,  in  order 
to  separate  the  antimony  from  the  lead  left  nnprecipitated  by 
the  sulphuric  acid  (A.  STBENof). 

15.  Method  based  upon  the  Separation  cf  Copper  at 
CvfTOVS  Sulphocyanate. 

Copper  from  Absbnic  and  Antimony. 

From  the  properly  prepared  solution  precipitate  the  cop-  HI 

*  PQgg.  Annal.  110.  S80.  t  Ding,  pol^t  Joum.  161,  SW- 
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per  hy  §  119,  3,  2,  as  cuprous  Ealphocyanate,  allow  to  settle, 
filter,  wasb  with  water  contaiaing  atnmoniam  nitrate  (to  pre- 
vent the  washings  being  muddy),  and  determine  antinioaj 
and  arsenic  in  the  filtrate,  precipitating  first  with  hydrogen 
enlpbide.     Kesolts  good. 

16.  Method  haeed  upon  the  different   d^MrtmeiU 
with  Cyanide  of  Potasmum. 

Gold  fbom  Lead  aki>  Bismuth. 

These  metals  may  be  separated  in  eolntion  by  potassium  168 
cyanide  in  the  same  way  in  which  the  separation  of  mercury 
from  lead  and  bismuth  is  effected  (see  110).  The  solution  of 
the  double  cyanide  of  gold  and  potassium  is  decomposed  by 
boiling  with  aqua  r^ia,  and,  after  expulsion  of  the  hydrocyanic 
acid,  the  gold  determined  by  one  of  the  methods  given  in 
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ftoffnuffi  from  gold,  168.  168. 

"  tin,  anUmonj,  u>d  ane:dc,  104 

Gold  from  pUtinum,  158.  168. 
tin,  154,  167. 

antimony  and  arsenic,  164 
Tin  from  plutlnum,  164. 
gold,  164,  167. 

arsenic,  167,  163,  168,  164. 166,  168. 
antimony.  1S5, 158,  164,  166,  166. 
tin  in  suuuious,  from  tin  In  etanalc  compooiidc,  Ifi. 
.AflMnony  from  pladnum  and  gold,  164. 
arsenic.  168, 159, 160. 
tin,  15B,  168,  164,  16S,  166. 
Antimony  of  antimonious  coiapounda  titxu 
antlmonic  add,  171. 
Antnic  from  platinum  and  gold,  164 

tin,  157.  162,  168.  164,  166, 169. 
"  antimony,  1S8, 168,  160. 

AiteniouB  acid  from  arsenic  acid,  1B6,  ISl,  170. 
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1,  Method  bated  upon  the  Precvpitatiem  of  Plati- 
num as  PotoBBium  Plaiinio  Chloride. 

Platinum  fbom  Gold. 

Precipitate  from  tlio  solution  of  the  chlorides  the  plati-  ISS 
num  as  directed  §  124,  b,  and  determine  the  gold  in  the  filtrate 
as  directed  §  123,  b. 

2.  Methods  based  upon  the  VolatilHy  qf  the  Cklo- 
ridea  of  the  inferior  Metals. 

a.  Platindm  AND  Gold  FBOM  Tin,  AsTiMONr,  AND  Abskniq 

Heat  the  finely  divided  alloy  or  the  Bnlphides  in  a  stream  IH 
of  chlorine  gae.     Gold  and  platinum  are  left,  the  chJoridee  of 
the  other  metale  volatilize  (compare  121). 

i.  Antimont  feom  Tin. 

The  tin  Bhonld  be  present  wholly  aa  a  stannons  salt  19t 
Precipitate  with  hydrogen  sulphide,  filter  (preferably  throngh 
an  aebeatos  filtering  tabe),  dry  the  precipitate,  and  pass  throng 
it  a  current  of  dry  hydrochloric  gas  at  the  ordinaiy  tempera- 
ture. The  Bulphides  are  converted  into  the  corresponding 
chlorides ;  the  chloride  of  antimony  alone  escapes,  and  may 
be  received  in  water.  Dissolve  the  residnal  stannous  chloride 
in  water  containing  hydrochloric  acid,  and  estimate  the  tin 
according  to  §  126  (C.  Tookbt*).  Tho  method  can  only  be 
need  in  rare  cases,  as  it  is  difficult  to  obtain  a  precipitate  quite 
free  from  stannic  sulphide. 

c,  Absenious  Acm  fboh  Assenio  Acm. 

The  amount  of  substance  taken  should  not  contain  more  156 
than  '2  grm.  arsenions  acid.  Heat  with  45  grm.  eodiam 
chloride,  135  grm.  sulphuric  acid  (free  from  arsenic)  of  1"61 
sp.  gr.,  and  30  grm.  water  in  a  tubulated  retort  contuuing  a 
spiral  of  platinum,  and  provided  with  a  thermometer.  The 
temperature  should  rise  to  about  125°.  In  order  to  coudenae 
the  arscniouB  chloride  in  the  products  of  distillation,  a  Liebio's 
condenser  is  connected  with  the  retort ;  a  tubulated  receiver 
is  connected  with  the  condenser ;  a  TJ-tnbe  is  connected  with 
the  receiver,  and  finally  a  calcium  chloride  tube  containing 
fragmente  of  glass  moistened  with  weak  soda  solution  is  fixed 

•  Jouni.  Cbem.  Boc  15,  4S3. 
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upright  ia  the  exit  end  of  the  U-tnbe.  In  the  receiver  and 
U-Cnbe  water  is  placed.  At  the  end  of  the  operation  rinse 
the  calcium  chloride  tube,  and  mix  with  the  contents  of  the 
roceiver.  Determine  the  arsenic  in  the  distillate  according  to 
^  127,  4,  a,  in  the  residue  according  to  §  127,  4,  b.  The  sul- 
jiliide  obtained  from  the  former  corresponds  to  the  arsenioofi 
acid,  from  the  latter  to  the  arsenic  acid.  Results  satisfactory 
(RiECSHns*).  If  the  suhstance  given  is  a  dilute  Snid,  render 
slightly  alkaline  with  sodium  carbonate,  and  concentrate  to 
aboat  20  c.c,  finally  in  a  tabulated  retort. 

3.  Methods  hosed  -upon  the  VoUuUity  of  Arsenic 
and  Arsenious  Sulphide. 

a.  Absentc  from  Tin  (H.  Bose). 

Convert  into  ealpbides  or  oxides,  dry  at  IOC,  and  heat  a  167 
weighed  portion  with  addition  of  a  little  sulphur  in  a  bulb- 
tube,  gently  at  first,  but  gradaally  more  strongly,  conducting 
a  stream  of  dry  hydrogen  sulphide  gas  through  the  tube 
during  the  operation.  Sulphur  and  arsenious  sulphide  vola- 
tilize; sulphide  of  tin  is  left.  The  areenious  sulphide  is 
received  in  U-tubes  contuning  dilute  ammonia,  which  are 
connected  with  the  bulb-tube  in  the  manner  described  in  121. 
When  upon  continued  application  of  heat  no  sign  of  further 
sublimation  is  observed  in  the  colder  part  of  the  balb-tube, 
drive  off  the  sublimate  which  has  collected  in  the  bulb,  allow 
the  tube  to  cool,  and  then  cut  it  off  above  the  coating.  Divide 
the  separated  portion  of  the  tube  into  pieces,  and  heaC  these 
with  a  little  solution  of  soda  until  the  sublimate  is  dissolved ; 
unite  the  solution  with  the  ammoniacal  fluid  in  the  receivers, 
add  hydrochloric  acid,  then,  without  filtering,  potassium 
chlorate,  and  heat  gently  until  the  arsenious  sulphide  is  com- 
pletely dissolved.  Filter  from  the  sulphur,  and  determine  the 
arsenic  acid  as  directed  g  127,  2.  The  quantity  of  tin  cannot 
be  calculated  at  once  from  the  blackish-brown  sulphide  of  tin 
in  the  bulb,  since  this  contains  more  sulphur  than  SnS.  It  is 
therefore  weighed,  and  the  tin  determined  in  a  weighed  por- 
tion of  it,  by  conveiiing  it  into  stannic  oxide,  which  is  effected 
by  moistening  with  nitric  acid,  and  roasting  (§  126,  1,  c). 

•  Fhann.  CentialhaUe,  11.  98. 
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Tin  and  arsenic  in  alloys  are  more  conveniently  converted 
into  cxides  by  cautions  treatment  with  nitric  acid.  If,  how- 
ever, it  ie  wished  to  convert  them  into  sulphides,  this  may 
readily  be  effected  by  heating  1  part  of  the  finely  divided 
alloy  with  5  parte  of  sodiam  carbonate  and  5  parts  of  salphor, 
ill  a  covered  porcelain  cmcible  until  the  mass  is  in  a  state  of 
calm  fusion.  It  is  then  dissolved  in  water,  the  solution  filtered 
from  the  ferrous  sulphide,  &c,  which  may  possibly  have 
formed,  and  then  precipitated  with  hydrochloric  acid. 

If  the  tin  only  in  the  alloy  is  to  be  estimated  directly, 
while  the  arsenic  is  to  be  found  from  the  difference,  convert 
as  above  directed  into  snlphides  or  oxides,  mix  with  suiphnr 
and  ignite  in  a  porcelain  crucible  with  perforated  cover  in 
a  stream  of  hydrogen  sulphide.  The  residual  arsenic-free 
stannous  sulphide  is  to  be  convert;ed  into  stannic  oxide  and 
weighed  as  such. 

4.  Methods  hosed  upon  the  Ins^vbility  of  Sodium 
Metantimonate. 

a.  AtrmiowT  from  Tin  and  Assenic  (H.  Hose). 

tf  the  substance  is  metallic,  oxidize  the  finely  divided  15< 
weighed  sample,  in  a  porcelain  cmcible,  with  nitric  acid  of 
1'4  sp.  gr.,  adding  the  acid  gradually.  Dry  the  mass  on  the 
water-bath,  transfer  to  a  silver  crucuble,  rinsing  the  last 
particles  adhering  to  the  porcelain  into  the  silver  crneible 
with  solution  of  soda,  dry  again,  add  eight  times  the  bulk  of 
the  mass  of  solid  sodium  hydroxide,  and  fnse  for  some  time. 
Allow  the  mass  to  cool,  and  then  ti'cat  with  hot  water  until 
the  nndisBolved  residue  presents  the  appearance  of  a  fine 
powder;  dilute  with  some  water,  and  add  one-third  thevoluiuB 
of  alcohol  of  '83  sp.  gr.  Allow  the  mixture  to  stand  for  24 
hours,  with  frequent  stirring;  then  filter,  transfer  the  last 
adhering  particles  from  the  crucible  to  the  filter  by  rinsing 
with  dilute  alcoliol  (1  vol.  alcohol  to  3  vol.  water),  and  wash 
the  undissolved  residue  on  the  filter,  first  with  alcohol  diluted 
with  twice  its  volume  of  water,  then  with  a  mixture  of  equal 
volumes  of  alcohol  and  water,  and  finally  with  a  mixture  of 
3  vol.  alcohol  and  1  vol.  water.  Add  to  each  of  the  alcoholic 
fluids  used  for  washing  a  few  drops  of  solution  of  sodinm 
carbonate.     Continue  the  washing  until  the  color  of  a  portion 
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of  the  fluid  ranimig  off  remains  unaltered  npoD  being  acidi£ed 
with  hydrochloric  acid  and  nuzed  with  hydrogen  sulphide 
water. 

Binse  the  sodium  metantimonate  from  the  filter,  wash  the 
latter  with  a  mixture  of  hydrochloric  and  tartaric  acids,  dis- 
solve the  metantimonate  in  this  mixture,  precipitate  with 
hydrogen  sulphide,  and  determine  the  antimony  as  directed 
§  125,  1.  In  presence  of  much  tin  it  is  well  to  fnse  the 
metantimonate  again  with  caustic  soda,  &c 

To  the  filtrate,  which  contains  the  tin  and  arsenic,  add 
hydrochloric  acid,  which  produces  a  precipitate  of  stannic 
arsenate;  conduct  now  into  the  unfiltered  fluid  hydrogen 
sulphide  for  some  time,  allow  the  mixture  to  stand  at  rest 
until  the  odor  of  that  gas  has  ahnost  completely  gone  off,  and 
separate  the  weighed  sulphides  of  the  metals  which  contain 
free  sulphur,  as  in  157, 

If  the  Bubstance  contains  only  cmtijrumy  and  arsenic,  the 
alcoliolic  filtrate  is  heated,  with  repeated  addition  of  water, 
until  it  scarcely  retains  the  odor  of  alcohol ;  hydrochloric  acid 
is  then  added,  and  the  arsenic  acid  determined  as  magnesium 
pyroaraenate  (§  127,  2),  or  as  arsenions  sulphide  (§  127,  4,  b). 

h.  Small  quantities  of  the  enlphidee  of  arsenic  and  anti-  159 
mony  mixed  with  sulphur  are  often  obtained  in  mineral 
analysis.  The  two  metals  may  in  this  case  be  conveniently 
separated  as  follows : — Exhaust  the  precipitate  with  bisulphide 
of  carbon,  oxidize  with  chlorine-free  red  faming  nitric  acid, 
evaporate  the  solution  nearly  to  dryness ;  mix  tlie  residue  with 
a  copious  excess  of  sodium  carbonate,  add  some  sodium  nitrate, 
and  treat  the  fnsed  mass  as  given  in  a,  168.  If,  on  the  other 
Iiand,  you  have  a  mixture  of  sulphides  of  tin  and  antimony 
to  analyze,  oxidize  it  with  nitric  acid  of  15  sp.  gr.,  and  treat 
the  residue  obtained  on  evaporation  as  given  in  a,  158. 

5.  Methods  based  upon  the  PrecipUaHon  <^  Arsenic 
as  Anrnumiwrn  MagneHvm.  Arsenate, 
a.  Absenic  fbom  Amtiuont. 

Oxidize  the  metals  or  sulphides  with  nitrohydrochloric  acid,  160 
with  hydrochloric  acid  and  potassium  chlorate,  with  bromine 
dissolved  in  hydrochloric  acid,  or  with  chlorine  in  alkaline  solu- 
tion ;  add  tartaric  acid,  a  lai;ge  quantity  of  ammonium  chloride, 
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and  then  ammonia  in  exceee.  (Slioald  the  addition  of  tbe 
latter  reagent  prodace  a  precipitate,  this  ia  a  proof  that  sn 
insnfficient  quantity  of  aminoninm  chloride  or  of  tartaric  acid 
has  been  used,  which  error  must  be  corrected  before  proceed- 
ing with  the  analysis.)  Then  precipitate  the  arsenic  acid  aa 
directed  §  127,  2,  and  determine  the  antimony  in  the  filtrate 
as  directed  in  §  125,  1.  As  basic  magnesiDm  tartrate  might 
pi'ecipitato  with  the  ammoninm  magneaimn  arsenate,  the 
precipitate  ahonld  always,  after  alight  washing,  be  rediasolved 
in  hydrochloric  acid,  and  rcprecipitated  with  ammonia  with 
addition  of  a  little  magnesia  mixture — an  excellent  method. 

h.  AssEinons  Aon)  fbom  Absenio  Aoid. 

Mix  the  sufficiently  dilate  solution  with  a  large  qnsntity  ISl 
of  ammonium  chloride,  precipitate  the  arsenic  acid  as  directed 
g  127,  2,  and  determine  the  ar&enione  acid  in  the  filtrate  by 
precipitation  with  hydrogen  snlphide  (§127, 4).  Lcdwio*  his 
observed  that  if  the  solution  is  too  concentrated,  magne- 
sium arsenite  falls  down  with  the  ammonium  magnesinm 
arsenate,  hence  it  is  necessary  to  dissolve  the  weighed  magne- 
sium precipitate  in  hydrochloric  acid  and  test  the  solution  with 
hydrogen  snlphide.  The  presence  of  arsenions  acid  will  be 
betrayed  by  the  immediate  formation  of  a  precipitate. 

e.  Tin  and  Antimony  fbom  Absenio  Acm. 
LENSSENf  separated  tin  from  arsenic  acid  with  good  16) 
reealts  by  digesting  the  oxides  obtained  by  oxidation  with 
nitric  acid  with  ammonia  and  yellow  ammonium  sulphide,  and 
precipitating  the  arsenic  acid  from  the  clear  solution  accord- 
ing to  127, 2,  as  ammoninm  magnesium  arsenate.  On  acidify- 
ing the  filtrate  the  tin  separates  as  stannic  sulphide.  The 
method  can  only  give  good  resulta  when  the  whole  of  the 
arsenic  was  present  as  arsenic  acid  before  the  addition  of 
ammonium  sulphide,  for  the  arsenic  in  a  solution  of  araenioos 
acid  in  yellow  ammonium  snlphide  is  not  thrown  down  by 
magnesia  mixture.  The  method  also  answers  for  separating 
antimony  from  arsenic. 

*  Arcbir  fOr  Pharm.  »7,  94.  f  Ann^-  d.  Chem.  u.  Pharm.  IH  lU- 
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6.  Methods  based  on  the  different  hehavior  of  the 
freshly  Precipitated  Sulphides  towards  Solution  of 
Potamum  Hydrogen  Sulphite  or  Oxalic  Acid, 
a.  Abbenio  fbom  Antimont  ahd  Tin  (Bchseh*), 
If  fi^eshly  precipitated  ELraeniouB  enlphide  is  digested  with  163 
Bolphurons  acid  and  potaaeioiu  sulphite,  the  precipitate  is  dis- 
ijolved ;  on  boiling,  the  fluid  becomes  turbid  from  separated 
Ba]pbur,  which  turbidity  for  the  moat  part  disappears  again  on 
long  boiling.  The  fluid  contains,  after  expulsion  of  the  sul- 
phurous acid,  potaaeium  arsenite  and  tbiosulphate.  The  sul- 
phides of  antimony  and  tin  do  not  exhibit  this  reaction.  Both 
therefore  may  be  separated  from  areenious  sulphide  by  diluting 
the  solution  of  the  three  sulphidea  in  potassium  sulphide  to  about 
500  C.C  and  precipitating  with  a  large  excess  (about  a  litre)  of 
saturated  aqueous  sulphurous  acid,  digesting  the  whole  for 
some  time  in  a  water-bath,  and  then  boiling  till  one-third  of 
the  water  and  the  whole  of  the  sulphurons  acid  are  expelled 
and  the  sulphur  has  disappeared ;  this  will  take  about  an  hoar 
and  a  half.  The  residuary  sulphide  of  antimony  or  tin  is  arsenic- 
free,  the  filtrate  contains  the  whole  of  the  arsenic  and  may  be 
immediately  precipitated  with  hydrogen  sulphide.  BimsEH 
determines  the  arsenic  by  oxidizing  the  dried  sulphide  together 
with  the  filter  with  fumviig  nitric  acid,  diluting  the  solution 
a  little,  warming  gently  with  a  little  potassium  chlorate  (in 
order  to  oxidize  more  fully  the  substances  formed  from  the 
paper),  and  finally  precipitating  as  ammonium  magn^um 
arsenate. 

With  regard  to  the  separation  of  stannic  sulphide  from 
the  solution  of  potassium  arsenite,  it  ie  to  be  observed  that  the 
stannic  sulphide  must  be  washed  with  concentrated  solution 
of  8odium  chloride,  as,  if  water  were  used,  the  fluid  would  riin 
through  turbid.  Aa  soon  as  the  precipitate  is  tboronghly 
washed  with  the  sodium  chloride,  the  latter  is  displaced  by 
solution  of  ammoninm  acetate,  containing  a  slight  excess  of 
acetio  acid.  These  last  washings  must  not  be  added  to  the 
first,  as  the  ammonium  acetate  hinders  the  complete  precipita 
tion  of  the  arsenious  acid  by  hydrogen  sulphide. 
*  Aanal.  d.  Clieiu.  u.  Pbarm.  106,  & 
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The  teBt-analysee  adduced  by  Buire«N  bIiow  very  satisfac- 
tory residt£. 

i.  Tm  PBou  Absesio  and  Antimony  (F.  "W.  Clakkb*). 

Moist  freshly  precipitated  bisalphide  of  tin  completely  difi-  IM 
soIveB  on  boiling  for  a  moderate  length  of  time  with  excess  of 
oxalic  acid,  and  therefore  tin  in  the  form  of  bichloride  is  not 
thrown  down  by  hydrogen  sulpbide  from  a  hot  soIdUoii 
containing  excess  of  oxalic  acid.  The  snlphidee  of  arsenic  are 
barely  affected  by  boiling  with  oxalic  acid,  and  hydrogen 
eulpliide  immediately  re  precipitates  tlie  traces  dissolved. 
Sulphide  of  antimony  dissolves  more  copionsly  on  boiling 
with  oxalic  acid,  but  hydrogen  snlphide  reprecipitates  the 
antimony  from  the  solution. 

[These  reactions  form  the  basis  of  Clabke'b  method,  which, 
with  some  impoitant  modifications,  has  been  successfully 
applied  to  the  separation  of  tin  from  antimony  in  alloys  by  F. 
P.  Dewey,+  who  proceeds  as  follows : 

Dissolve  with  a  mixture  of  1  part  strong  nitric  acid,  4  parts 
strong  hydrocliloric  acid,  and  5  parts  water.  Since  even  small 
quantities  of  free  mineral  acids  prevent  complete  precipitation 
of  antimony,  they  are  removed  by  evaporating  to  dryness  on 
a  water-bath,  with  previonB  addition  of  enough  potassiam 
cliloride  to  form  double  salts  with  the  tin  and  antimony  chlor- 
ides present.  The  presence  of  the  potaasinm  chloride  entirely 
prevents  loss  of  tin  and  antimony  by  volatilization  as  chlorides 
during  the  evaporation.  Add  to  the  salts  thns  obtained  a 
large  quantity  of  pure  oxalic  acid  (at  least  20  parts  crystallizoJ 
acid  to  1  part  tin),  and  dilute  with  water  to  about  125  c.e.  per 
■1  grm.  antimony  present.  The  salts  dissolve  readily.  Boil  and 
pass  H,S  through  the  boiling  solution  half  an  hour.  Filter 
immediately  while  hot,  and  wash  the  greater  part  of  the  solable 
matter  out  of  the  precipitate  with  hot  water.  The  precipi- 
tated antimonious  sulphide  will  contain  a  little  stannic  sulphide. 
Dissolve  in  ammonium  snlphide,  avoiding  an  onneceesaiy 
quantity  of  the  solvent,  and  poor  the  solution  into  a  strong  hot 
solution  of  oxalic  acid.  A  liberal  excera  of  oxalic  acid  should 
be  present  after  decomposition  ol  the  sulphur  salts.  Heat  the 
oxalic  solution  with  the  suspended  precipitate  of  antiinonioos 

■  Qiem.  NewB,  21,  124.  f  '&>»•  Ciieia.  Journ.  L  M 
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snipliide  to  boiling,  and  pass  H,S  gas  ten  mimites.  Collect  the 
Sb.S,  now  free  from  tin  on  a  weighed  filter,  wash  with  hot 
water,  and  proceed  to  determine  the  antimony  as  directed  in§ 

125,  1,  h.  To  recover  tin  from  the  filtrate,  evaporate  nearly  to 
dryDeee,  add  Btrong  Bolphanc  acid,  and  heat  till  all  the  oxalic 
acid  present  is  decomposed  and  removed.  Dilute  largely,  and 
precipitate  the  tin   with  hydrogen  sulphide  according  to  § 

126,  1,  c] 

1.  Methods  hosed  upon  the  Separation  of  the  MetdU 
HiemselveSi  or,  aa  the  case  may  he^  on  the  different 
d^iortment  of  ike  same  with  Acids, 

a.  Tm    Fsou    Antimomt    (Tookkt,*    improvements    by 
Claben  {loc.  eit.)  and  ATTFiELof ). 

The  hydrochloric  solation  should  be  oxidized  if  necessary  166 
with  a  few  drops  of  nitric  acid  or  a  little  potaseiam  chlorate. 
Heat  nearly  to  boiling  and  add  iron  as  long  as  it  dissolves. 
Either  hoop-iron  or  fine  bright  wire  will  answer  the  purpose ; 
it  should  dissolve  in  dilute  hydrochloric  acid,  leaving  little  or 
no  residue.  The  antimony  will  be  thrown  down,  the  tin 
reduced  to  stannous  chloride.  As  soon  as  all  antimony  appears 
to  be  precipitated  and  the  iron  to  be  dissolved,  add  more 
hydrochloric  acid,  allow  to  deposit,  decant  and  test  whether 
iron  produces  any  further  precipitate.  In  this  way  you  will 
ensure  the  absence  of  any  metallic  iron  and  the  complete  pre- 
cipitation of  the  antimony.  Wash  the  antimony  with  hot 
water,  which  should  be  at  first  acidified,  then  with  alcohol, 
finally  with  ether,  drying  at  100".  Throw  down  the  tin  with 
hydrogen  sulphide  (§  126,  1,  c).  With  care  the  results  are 
good ;  compare  Claben  {loc.  cit.). 

J.  Much  Tm  from  little  Antimowt  ahb  Absenio. 

If  an  alloy  of  the  three  metals  is  treated  in  a  very  finely  186 
divided  condition  in  a  stream  of  carbonic  acid  with  strong 
iiydrochloric  acid,  the  whole  of  the  tin  dissolves  to  stannous 
chloride.  A  part  of  the  arsenic  and  antimony  escapes  as 
arsenetted  and  antimonetted  hydrogen,  whilst  the  rest  remains 
behind  in  the  state  of  metal,  or,  as  the  case  may  be,  of  a  solid 
combination  with  hydrogen.    Conduct  the  gas  through  several 

•Joum.Chein.Soo.  16,402.  j  ZeiUchr.  f.  anal.,Caiein-fl,.UK,' 
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U-tubes,  containing  a  little  chlorine-free  red  fuming  mtric 
acid,  wherebj  the  arBenic  and  antimonj  will  be  oxidized. 
When  the  BolatioD  is  effected,  dilute  the  contents  of  the  fluk 
with  air-free  water  to  a  certain  volume,  mix,  allow  to  eettl<^ 
and  determine  the  tin  in  an  aliqnot  part,  either  grarimotrically 
or  volumetrically.  Filter  the  rest  of  the  flnid,  wash  the  pre- 
cipitate thoroughly,  dry  the  filter  with  its  contents  in  a  porce- 
lain crucible,  add  the  contents  of  the  U-tubes,  evaporate  to 
dryneea,  and  in  the  reeidue  separate  the  antimony  and  arsenic 
as  directed  168.  It  is  well  to  treat  an  aliquot  part  of  the 
hydrochloric  solution  with  iron  (166)  to  find,  and,  if  necessary, 
estimate  traces  of  antimony  which  may  have  passed  into  the 
hydrochloric  acid  solation. 

ft  Tdi  fsoh  Gold. 

Gold  may  be  separated  from  excess  of  tin  by  boiling  tlie  167 
finely  divided  alloy  with  only  slightly  diluted  sulphnric  acid, 
to  which  hydrochloric  acid  has  been  cautiously  added.  The 
tin  dissolves  as  staimous  chloride.  Heat  is  applied  till  the 
sulphuric  acid  begins  to  volatilize  copiously.  Stannic  oxide 
is  formed  which  dissolves  in  the  concentrated  sulphuric  acid, 
while  the  gold  remains  behind.  On  addition  of  much  water, 
the  stannic  oxide  falls,  mixed  with  finely  divided  gold,  in  th 
form  of  a  purple-red  precipitate.  On  warming  with  concen- 
trated sulphuric  acid,  the  stannic  oxide  finally  rediseolvec^ 
while  the  gold  is  left  pure  (H.  Eosb*). 

d.  FLAnNFM   FBOH   GoLD. 

The  aqua  regia  solution  is  freed  as  far  as  possible  from  IM 
:nitric  acid  by  evaporation  with  hydrochloric  acid,  and  treated 
vwith  a  solution  of  ferrous  chlorJd.',  the  gold  being  determined 
as  directed  §  123,  b.     The  platinum  may  be  precipitated  from 
the  filtrate  by  hydrogen  sulphide  according  to  §  124,  e. 

8.  Method  based  upon  the  PrecipiUUMn  of  Tm  ai 
Stannic  Artmaie. 

Tin  psoh  Absenio. 

E,  HiFFELTf  has  proposed  the  following  method  of  deter  IW 
mining  both  the  tin  and  the  arsenic  in  commercial  aodiom 
stannate,  which  often  conteins  a  large  admixture  of  sodium 

•P9gg.  Anoal.  lis,  112.  f  PUL  Hag.  10,  m. 
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arsenate.  Mix  a  weighed  sample  with  a  known  qnantitj  of 
sodium  arBenate  in  excess,  add  nitric  acid  also  in  excess,  boil, 
filter  ofE  the  precipitate,  which  has  the  composition  2SnO„Afi, 
O.-j-lOH.O,  and  wash;  expel  the  water  bj  ignition,  and 
weigh  the  residne,  which  consists  of  2SnO„A8,0,.  In  the 
filtrate  detennine  the  excess  of  arsenic  acid  as  directed  §  127, 
2.  Tbe  amonnt  of  the  stannic  oxide  is  found  from  the  weight 
of  the  precipitate,  that  of  the  arsenic  acid  is  obtained  hj  add- 
ing the  qnantity  in  the  precipitate  to  the  quantity  in  ^e  fil- 
trate, and  deducting  the  quantity  added. 
9.  Volumetric  Methods. 

a.  Absbniods  tboh  Absbnic  Aoid^ 

Convert  tbie  whole  of  the  arsenic  in  a  portion  of  the  sub-  170 
stance  into  arsenic  acid  and  determine  the  total  amount  of  this 
as  directed  §  127,  2 ;  determine  in  another  portion  tlie  arseni- 
oos  acid  as  directed  in  %  127,  5,  a,  and  calculate  tbe  arsenic 
add  from  the  difierence. 

h.  AnnMouy  of  Ahtimonious  CJoMPOuitDS  fboh  AimMoino 
Acid. 

Determine  in  a  sample  of  the  substance  tbe  total  amount  171 
of  tbe  antimony  as  directed  g  125,  1,  in  another  portion  esti- 
mate the  antimony  present  as  an  antimonious  compoand  as 
directed  %  125,  3,  and  calculate  tiie  antiinonic  acid  from  the 
difference. 

c.  Tin  of  Stanmods,  fbom  Tin  of  Stannic  Compocnds. 

In  one  portion  of  the  substance  convert  the  whole  of  tbe  172 
stannous  into  stannic  salts  by  digestion  with  chlorine  water  or 
some  other  means,  and  dot^mine  the  total  quantity  of  tin  as 
directed  §  126,  1,  S ;  in  another  portion,  which,  if  necessaiy, 
is  to  be  dissolved  in  hydrochloric  acid  in  a  stream  of  carbonic 
acid,  determine  the  stannous  tin  according  to  §  126,  2. 

n.  SEPARATION  OF  THE  ACIDB  FROM  EACH  OTHER 
It  must  not  be  forgotten  that  the  following  methods  of 
separation  proceed  generally  upon  the  assumption  that  the 
acids  exist  either  in  the  free  state,  or  as  alkali  salts ;  compare  the 
introductoiy  remarks,  p.  479.  Where  several  acids  are  to  be 
determined  in  one  and  tbe  same  substance,  we  very  often  use 
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a  separate  portion  for  each.  Tbe  methods  here  ^ven  do  not 
embrace  every  imaginable  case,  but  only  the  most  important 
cases,  and  those  of  moet  frequent  occmrence. 


FirH  Group. 

ABSEKIOnS  ACID^ABSENIC    AOID — CHBOWIO    ACID BCLPBDBIC  ACHV- 

PHO8PHORI0    ACro — BOBACIC   ACID OXAUO    ACni HTDBOFLUOUC 

AOID — SILICIC    ACID — CABBONIC   ACm. 


1.  AseEKTOiTe  Acn>  and  Absemic  Acid  rasat  all  otbxb 
Aoms. 

Precipitate  the  arsenic  from  the  solution  by  hydrogen  ml-  ITS 
phide  (§  127,  4,  a  or  h),  filter,  and  determine  the  other  acids 
in  the  filtrate.  It  must  be  remembered,  that  the  areenions 
enlphide  will  be  obtained  mixed  with  sulphur  if  chromic  acid, 
ferric  salts,  or  any  other  Bubstancee  which  decompoee  hydro- 
gen snlphide  are  present.  The  estimation  of  BQlphnric  acid 
in  the  filtrate  cannot  be  accurate  unless  air  is  excluded,  and 
oxidizers  such  as  chromic  acid  are  absent ;  sulphuric  acid  is, 
therefore,  best  estimated  in  a  separate  portion  (174).  From 
those  acids  which  form  solable  magnesium  salts,  ar«eaic  add 
may  be  separated  also  by  precipitation  as  ammoniam  magne- 
sium arsenate  (§  127,  2). 

2,  SuLPHUKic  Acid  fboii  all  the  otheb  Acids.* 
a.  From  ArseniouS:,  Arsenic,  Pho^horic,\  £oracie,Oxalie, 

and  Carbonic  Acids. 

Acidify  the  dilute  solution  strongly  with  hydrochloric  add,  1T4 
mix  with  barium  chloride,  and  filter  the  barium  sulphate  from 
the  solution,  which  contains  all  the  other  acids.  Determine 
the  barium  sulphate  as  directed  §  132.  If  acids  are  present 
with  which  barium  forms  salts  insoluble  in  water  but  soluble 
in  acids,  the  barium  sulphate  is  apt  to  carry  down  with  it  such 
salts,  and  this  is  all  the  more  liable  to  happen,  the  longer  the 

*  Witb  respect  to  the  separatioo  of  Bnlphuric  acid  from  selenic  Mnd.  eooip- 
WoHLWiLL  (Annal.  d.  Chem.  u.  Pharm.  114,  188), 

t  If  mctapbosphoric  acid  ia  present,  It  must  first  be  conrerted  idIo  ortb^ibaS' 
ptioric  by  fuuoa  witb  alkali  carbonate. 
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precipitate  is  allowed  to  settle.  This  remark  applies  especially 
to  barinin  oiialate,  and  tartrate,  and  the  barium  salts  of 
other  organic  acids  (H.  Rose).  In  such  cases  I  would  recom- 
meod,  after  washing,  to  stop  up  the  neck  of  the  funnel,  and 
digest  the  precipitate  with  a  solution  of  hydrogen  sodium  car- 
bonate, then  to  wash  with  water,  with  dilute  hydrochloric 
acid,  and  again  with  water.  In  every  case,  however,  the 
purity  of  the  weighed  barium  sulphate  must  be  tested  as 
directed  §  132,  1. 

In  the  fluids  filtered  from  the  barium  sulphate  the  other 
acids  are  determined  according  to  the  directions  of  the  Fourth 
Section,  after  the  removal  of  the  excess  of-  barium  chloride. 
Or  the  other  acids  may  be  estimated  in  separate  portions  of 
the  substance,  which  is  indeed  nsually  the  best  way,  and  for 
carbonic  acid  is  of  course  the  only  way. 

b.  From  Hydrqpuorie  Acid. 

a.  When  sulphuric  acid  and  hydrofluoric  actd  are  present  176 
in  the  free  state  in  aqueous  solution,  it  is  best  to  estimate  the 
acidity  in  one  portion  by  means  of  standard  soda  (§  192),  and 
the  sulphuric  acid  in  another  (§  132,  I.,  1),  finding  the  hydro- 
fluoric acid  by  difference.  The  barium  sulphate  should  be 
purified  by  fusion  with  sodium  carbonate  (§  132,  I.,  1). 

y8.  To  estimate  both  acids  in  minerals  or  other  dry  sub-  176 
stances,  it  is  safest,  provided  the  fluoride  can  he  decomposed 
by  sulphuric  acid,  to  determine  the  flnorine  in  one  portion 
according  to  §  138,  3,  a,  and  to  fuse  another  portion  for  a 
long  time  with  four  times  its  amount  of  sodium  carbonate, 
which  will  decompose  the  sulphate  thoroughly,  the  fluoride 
generally  but  partially.  The  fused  mass  is  soaked  in  water, 
the  solution  filtered,  acidified  with  hydrochloric  acid  and  pre- 
cipitated with  barium  chloride.  The  barium  sulphate  thus 
obtained  generally  contains  barium  fluoride,  and  mast  be 
purified  according  to  §  132,  I.,  1,  by  fusion  with  sodiam  car- 
bonate, &c 

y.  An  actual  separation  of  both  acids  may  be  eSected,  177 
when  both  are  in  the  form  of  alkali  salts,  by  elding  eodinm 
carbonate  if  necessary,  and  then  precipitating  the  fluorine 
according  to  §  138, 1.,  adding  the  calcinm  chloride  cantionsly 
in  very  slight  excess.     The  sulphuric  acid  is  for  the  most  part 
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found  in  the  filtrate  from  tlie  calcium  carbonate  and  fluoride, 
a  very  email  part  h  generally  also  found  in  the  caldun 
acetate  filtered  from  the  calcium  fiuoride.  Both  filtrates  are 
acidified  and  precipitated  with  barium  chloride  (§  132,  I.,  1. 
H.  Robe). 

S.  Insoluble  compounds  may  also  be  decomposed  bj  fusion  ITS 
with  six  parts  of  sodium  and  potassium  carbonates,  and  two 
parte  of  silica.  The  fused  mass,  after  cooling,  is  treated  with 
water,  the  solution  is  mixed  with  ammonium  carbonate,  and 
heated,  more  ammonium  carbonate  is  added  to  replace  what 
evaporates,  the  silicic  acid  thrown  down  is  filtered  off  and 
washed  with  water  containing  ammonium  carbonate,  a  solu- 
tion of  zinc  oxide  in  ammonia  is  added  to  precipitate  the 
remaining  Bilica,  the  fioid  is  evaporated  till  all  ammonia  is 
driven  off,  filtered  and  the  process  concluded  as  ia  y.  The 
precipitate  prodnoed  b;  the  zinc  should  be  tested  for  eolphnric 
acid. 

e.  From.  Chromic  Aoid. 

Boil  the  dry  compound  with  strong  hydrochloric  add  IW 
(p.  S67,  /*)  and  estimate  the  chromic  acid  from  the  evolved 
chlorine.  Neutralize  some  of  the  acid  with  ammonia,  dilute 
and  precipitate  the  sulphuric  acid  by  long  boiling  with  excess 
of  barium  chloride.  Tlie  barium  sulphate  thus  obtained 
retains  chromic  oxide  (H.  Kobe)  and  must  always  be  fused 
with  sodium  carbonate,  &c.  (p.  367). 

d.  From  SydrofiiwaiUcic  Acid. 

First  throw  down  the  hydrofluosilicic  acid  according  to  IN 
§  133,  as  potassium'  silicofluoride,  then  the  sulphuric  acid  in 
the  filtrate  with  barium  chloride. 

e.  From  SUioio  Aoid. 
Compare  103. 

3.  Pbosphobio  Acid  fbom  the  oteteb  Aoidb. 

a.  From  the  <i<-id8  of  arsenic,  see  178 ;  from  ttdjsihiane  181 
tioid,  see  174 ;  fioni  silicic  add,  see  193. 

h.  From,  Chromic  Acid. 

Precipitate  the  phosphoric  acid  by  adding  ammooimn 
nitrate  and  ammonia,  and  then  magnesium  nitrate,  and  deter 
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mine  the  chi'omic  acid  in  the  filtrate  aa  directed  §  130,  I.,  a, 
/?  or  I.,  h. 

c.  From  Soraeic  Acid. 

Precipitate  the  phosphoric  acid  with  a  eolation  of  doable  182 
chloride  of  magnesiam  and  ammoninin  (§  134,  b,  a),  wash  the 
precipitate  partially,  redissolve  it  in  hydrochloric  acid,  repre- 
cipitate  with  ammonia,  adding  a  little  magnesium  and  ammo- 
aium  chloride,  and  eetlmate  the  phosphoric  acid  as  mngnesiani 
pyrophosphate.  In  the  filtrate  estimate  the  boracic  acid  as 
magnesium  borate  (§  136,  I.,  1,  d). 

d.  From.  Oxalic  Acid. 

a.  If  the  two  acids  are  to  be  detennined  in  one  portion,  183 
the  aqaeons  or  hydrochloric  solution  is  mixed  witli  sodium 
auric  chloride  in  excess,  heat  applied,  and  the  oxalic  acid  eal- 
colated  from  the  reduced  gold  (§  137,  c).  The  gold  added  in 
excess  is  separated  from  the  filtrate  by  hydrogen  sulphide,  and 
the  phosphoric  acid  then  precipitated  by  double  cldoride  of 
magnesiam  and  ammonium. 

p.  If  there  is  enough  of  the  substance,  the  oxalic  acid  is  ld4 
determined  in  one  portion  according  to  §  137,  b,  or  d,  and  the 
phosphoric  acid  in  another  portion.  If  the  substance  is  solu- 
ble in  water,  and  tlie  quantity  of  oxalic  acid  inconsiderable, 
the  phosphoric  acid  may  be  precipitated  at  once  with  magne- 
fiinm  chloride,  ammonium  chloride,  and  ammonia:  if  not,  the 
substance  is  ignited  with  potassium  carbonate  and  sodium  car- 
bonate, and  the  oxalic  acid  being  thus  destroyed,  the  phos- 
phoric acid  is  determined  in  the  nitric  acid  solution  of  the 
,  residne  according  to  §  134,  I.,  b,  §. 

e.  From  Hydrojluoric  Aoid. 

a.  Phosphates  and  fluorides  are  frequently  found  together  185 
in  minerals.  In  the  analysis  of  phosphorites,  for  instance,  we 
have  to  estimate  small  quantities  of  flnorine,  often  too  in  the 
presence  of  aluminium  and  iron,  which  increase  the  difficulty. 
According  to  my  own  experience,*  it  is  always  safest  in  such 
cases  to  estimate  in  one  portion  the  fluorine  as  silicon  fluoride 
(g  138,  II.,  3,  a),  and  in  another  portion  the  phosphoric  acid. 
B^^rdiug  the  first  estimation,  it  must  be  mentioned  that  car- 

•  Z^tacbr.  1  anaL  Chem.  B,  ISO,  and  fl,  40& 
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bonic  acid  if  preeent  must  first  be  removed.  To  this  end  heat 
the  finely  powdered  weighed  subBtance  with  water,  add  aeedo 
acid  in  slight  excess,  and  alfio,  if  the  fiaoride  present  is  solnble 
in  water,  some  calcinm  acetate ;  evaporate  to  dryness  on  a  water 
bath,  treat  with  water,  filter,  wash  the  insoluble  matter,  diy, 
separate  aa  far  as  possible  from  the  filter,  add  the  filter  ash, 
weigh,  test  a  small  portion  for  carbonic  acid  by  heating  with 
hydrocliloric  acid,  and  weigh  the  rest  for  the  dnorine  estima- 
tion. For  the  estimation  of  the  phosphoric  acid,  dissolve  the 
finely  powdered  substance  in  hydrochloric  acid,  evaporate  to 
dryness  on  a  water-bath,  moisten  with  a  little  hydrochloric 
acid,  add  nitric  acid,  warm,  dilute,  filter,  evaporate  filtrate  and 
washings  to  dimness,  dissolve  in  nitric  acid,  and  proceed 
according  to  §  134, 1.,  J,  fi. 

fi.  Where  you  have  an  alkali  phosphate  and  an  alkali  IM 
fiuoride  together  in  aqueous  solution  the  phoephonc  acid  may 
be  separated  according  to  §  135,  II.,  d,  ft,  as  silver  phosphate 
or  according  to  §  135,  II.,  k,  as  mercurous  phosphate.  The 
fiuoride  will  be  all  in  the  filtrate.  If  the  former  method  is 
adopted  the  silver  is  removed  from  the  filtrate  by  sodium 
chloride,  and  the  fiuorine  estimated  as  calcinm  salt  (§  138, 1.). 
If  the  latter  method  is  adopted,  as  the  solution  is  always  acid, 
the  use  of  glass  and  porcelain  must  be  avoided.  The  mercury 
is  removed  from  the  filtrate  by  nentralizing  with  sodium  cai^ 
bonate  and — without  filtering — passing  hydrogen  salphida 
Tlie  fiuorine  is  estimated  in  the  filtrate  as  calcium  salt,  accord- 
ing to  §  138,  I.  (H.  Rose). 

y.  Substances  which  are  insoluble  in  water,  and  cannot  be  187 
decomposed  by  acids,  are  fused  with  sodium  carbonate  and 
silica  (178),  the  fused  mass  is  treated  with  water,  and  the  solu- 
tion with  ammonium  carbonate.  In  this  way  all  the  fiuorine 
and  all,  or  nearly  all,  the  phosphoric  acid  will  be  brought  into 
solution.  The  solution  is  treated  as  in  186,  and  any  remainder 
of  phosphoric  acid  in  the  undissolved  residue  is  estimated 
according  to  18fi. 

4.  Htdeoflcorio  Acid  feom  otheb  Acids. 
a.  Muorides  from  Boratea. 

Mix  the  solution  containing  alkali  borate  and  fiuoride  with  Itt 
some  sodium  carbonate,  and  add  calcium  acetate  in  excess.  A 
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precipitate  is  formed,  which  contains  the  whole  of  the  flaorinc 
as  calcinm  fluoride,  and  beeides  this,  calcium  carbonate  and 
some  calcium  borate ;  the  greater  portion  of  the  latter  having 
been  redissolved  by  the  excess  of  the  calcinm  salt  added. 
Determine  the  calcinm  flnoride  in  the  precipitate  ae  directed 
§  138, 1.  The  small  qu&ntity  of  boracic  acid  in  the  precipitate 
is,  in  this  process,  partly  volatilized,  partly  diseolved  after 
evaporating  the  mass  with  acetic  acid  and  extracting  with 
water.  It  is  therefore  necessary  to  determine  the  boracic  acid 
in  a  separate  portion  of  the  BubBtance,  according  to  §  136, 1., 
2  (A.  Steomeyee).* 

b.  Fluorides  from  SHioic  Add  and  SUicatea. 

A  great  many  native  silicates  contain  flnorides :  care  mnat, 
therefore,  always  be  taken,  in  the  analysis  of  minerals,  not  to 
overlook  the  lattw.  If  the  silicates  containing  fluoride  are 
decomposable  by  acids — which  is  only  rarely  the  case — and 
the  silicic  acid  is  separated  in  the  nsual  way  by  evaporation, 
the  whole  of  the  fluorine  may  volatilize. 

a.  Bebzeuds's  method.  Fuse  the  elutriated  substance  1 
with  4  parts  of  sodium  carbonate  for  some  time  at  a  strong 
red  heat,  digest  the  mass  id  water,  boil,  filter,  and  wash,  first 
with  boiling  water,  then  with  ammonium  carbonate.  The  fil- 
trate contains  all  the  fluorine  as  sodium  fluoride,  and,  besides 
this,  sodium  carbonate,  silicate,  and  aluminate.  Mix  the  fll- 
trate  with  ammonium  carbonate  and  heat  the  mixture,  replac- 
ing the  ammonid  n  carbonate,  which  evaporates.  Filter  off 
the  precipitate  of  hydrate  of  silicic  atud  and  almniuium 
hydroxide,  and  wash  with  ammonium  carbonate.  To  separate 
the  last  portions  of  silica  from  the  filtrate  add  a  solution  of 
zinc  oxide  in  ammonia,  evaporate  till  no  more  ammonia 
escapes,  and  filter  off  the  precipitate  of  zinc  silicate  and  oxide. 
Determine  the  silica  in  this  precipitate  by  dissolving  in  nitric 
acid,  evaporating  to  dryness,  taking  up  with  nitric  acid,  and 
filtering  o£E  the  undissolved  silica.  In  the  alkaline  filtrate 
estimate  the  fluorine  as  calcinm  salt  (§  138,  I.).  The  residue, 
insoluble  in  water,  and  the  precipitate  produced  by  ammonium 
carbonate  are  fiualij  treated  with  hydi-ocblorie  acid  according 
to  §  140, 11.,  a,  in  order  to  separate  the  silica, 

*  Anoal  d.  Cbem.  u,  Fbarm.  100,  91 
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/3.  la  ButetanceB  readily  decomposed  by  anfpburic  acid  yon  1(9 
may  also  separate  and  weigh  tlie  silica  according  to  189  ia  one 
portion,  and  detennine  the  fluorine  in  another  poition  accord- 
ing to  §  138,  II.,  3,  a. 

c.  Fluorides,  SiUcates  and  Phosphates  together. 

Compounds  of  this  kind  are  not  rare  in  nature,  and  may  191 
be  decomposed  according  to  188.  We  cannot  always  rely  on 
complete  deeorapoeition  of  the  phosphate,  as,  for  instance,  cal- 
cium phosphate  is  but  partially  decomposed  on  fusion  with 
sodium  carbonate.  The  solution,  obtained  after  separation  of 
the  silica  by  ammoninm  carbonate  and  the  zinc  solution,  is 
made  up  to  a  definite  volume,  and  a  portion  is  tested  for  phos- 
phoric acid  with  molybdic  solution.  If  none  is  present  the 
fluorine  is  estimated  in  the  measured  remainder  of  the  fluid  as 
fluoride  of  calcinm  (§  138,  I.).  If  on  the  other  hand  phos- 
phoric acid  is  still  present,  treat  the  measured  remainder  of  the 
fluid  according  to  186.  In  the  orig;inal  residue  and  the  ammo- 
ninm carbonate  precipitate  estimate  the  principal  amounts  of 
the  silicic  and  phosphoric  acids  and  the  basic  metals.  In  the 
zinc  precipitate  estimate  the  remainder  of  the  silicic  acid,  and 
in  the  filtrate  from  the  latter  estimate  the  portion  of  tbe 
phosphoric  acid  which  was  thrown  down  by  zinc  oxide. 

As  the  phosphoric  acid  is  so  divided  by  this  method,  it  is 
well  to  make  a  direct  estimation  of  it  in  another  portion  of  the 
substance,  especially  when  only  a  small  quantity  is  present 
For  this  purpose  decompose  the  silicate  with  hydrofluoric  and 
hydrochloric  acids,  add  enough  but  not  too  large  an  excess  of 
sulphuric  acid,  and  evaporate  till  all  the  fluorine  has  escaped  as 
silicon  fluoride  and  hydrofluoric  acid.  Do  not  increase  the  heat 
to  the  escape  of  sulphuric  acid,  or  phosphoric  acid  may  be  lost. 
Take  up  the  residue  with  nitric  acid,  dilute,  filter,  and  estimate 
the  phosphoric  acid  in  the  filtrate  by  the  molybdic  method. 

If  the  substance  can  be  easily  decomposed  with  sulphuric 
acid,  the  fluorine  may  of  course  also  be  expelled  as  silicon 
fluoride  and  estimated  according  to  §  138,  IL,  3,  a. 
6.  Silicic  Aero  fbom  all  other  Acids. 

a.  In  oompounda  which  are  decomposed  hy  hydrochloric 
acid. 

Decompose  the  substance  by  digestion  with  hydrochloric  IM 
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or  nitric  acid,  evaporate  the  wliole  on  the  viater  hath  to  dtyDess 
(§  140,  n.,  a),  treat  with  water,  liydrochloric  acid  or  nitric  acid 
according  to  circuinetancee,  filter  oS  the  silica,  and  estimate 
the  other  acids  in  the  filtrate.  The  following  points  require 
attention. 

a.  Ib  the  presence  of  borates  or  fiuoridee  this  method  cannot 
be  need,  employ  193. 

^,  In  the  presence  of  phosphoric  acid  the  silica  always 
retains  a  small  portion,  which,  cannot  be  extracted  by  washing 
with  acidified  water  (H.  Eobe,  W.  Seey*).  After  washing 
the  silica  with  water,  treat  it  repeatedly  with  ammonia,  which 
will  leave  only  a  very  minnte  quantity  of  the  phosphoric  acid. 
Evaporate  the  ammoniacal  fiaid,  finally  adding  a  little  hydro- 
chloric acid,  dissolve  in  water  with  addition  of  a  little  nitric 
acid,  filter  off  the  small  amoont  of  silica  which  was  taken  ap 
by  the  ammonia,  and  estimate  the  remainder  of  the  phosphoric 
acid  in  the  filtmte. 

h.  In  ooTTtpounda  which  are  not  decom^aed  by  hydrochlo- 
ric acid. 

Fnee  with  carbonate  of  potash  and  soda  (p.  422),  and  treat  103 
the  residue  either  at  once  cantiously  with  dilute  hydrochloric 
or  nitric  acid,  in  order  to  proceed  with  the  solution  according 
to  198  (not  applicable  in  presence  of  boracic  acid  or  fluorine) ; 
or  taking  the  fluid  obtained  by  boiling  the  residue  with  water, 
precipitate  the  dissolved  silica  by  warming  with  ammoniam 
carbonate,  and  throw  down  the  last  portion  of  silica  from  the 
filtrate  by  zinc  oxide  dissolved  in  ammonia  (189^. 

The  silicic  acid  is  then  found  partly  in  the  residue  left 
undissolved  by  water,  partly  in  the  precipitate  produced  by 
ammoninm  carbonate,  and  partly  in  the  precipitate  produced 
by  the  zine  solution.  Separate  it  according  to  §  140,  II.,  a. 
Eioracic  acid  and  fluorine  will  be  found  entirely  in  the  last 
alkaUne  filtrate  (1B9).  Kegarding  phosphoric  acid  see  191. 
Sulphuric  acid  passes  for  the  most  part  into  the  last  alkaline 
filtrate,  yet  it  is  well  also  to  examine  the  acid  filtrates  from 
the  silica. 

6.  Cabbonic  Aom  fkoh  all  otheb  Acids. 

When  carbonates  are  heated  with  stronger  acids,  the  oar-  194 
■  Zeitschr.  f.  uiaL  Cbem.  8,  70. 
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bonic  acid  is  expelled ;  the  presence  of  carboDates,  therefore, 
does  not  interfere  with  the  estimation  of  most  other  acids. 
And  as,  on  the  other  hand,  the  carbonic  acid  is  determined  hj 
tlie  loss  of  weight  or  by  combination  of  the  expelled  gas,  the 
propcniio  of  salts  of  non-volatile  acids  does  not  interfere  with 
the  determination  of  the  carbonic  acid.  Accordingly,  with 
componnds  containing  carbonates,  sulphates,  phosphates,  &c, 
either  the  carbonic  acid  is  determined  in  one  portion,  and  the 
other  acids  in  another,  or  both  estimations  are  performed  on 
one  portion.  In  the  latter  case  the  process  described  p.  412,  e, 
may  be  used  with  advantage,  the  other  acids  being  determined 
in  ttie  Bolntion  remaining  in  the  decomposing  flask.  In  pres- 
ence of  fluorides,  one  of  the  weak  non-volatile  acids,  such  as 
tartaric  acid  or  citric  acid,  must  bo  employed  to  expel  the 
carbonic  acid  ;  since,  were  sulphuric  or  hydroddoric  acid  used, 
part  of  the  liberated  hydroflaoric  acid  would  escape  with  the 
carbonic  acid.  If,  as  will  occasionally  happen  in  an  analysis, 
a  mixed  precipitate  of  calcium  fluoride  and  calciam  carbonate 
is  thrown  down  from  a  solution,  the  two  salta  may  be  separated 
by  evaporating  with  acetic  acid  to  dryness,  and  extracting  the 
residue  with  water ;  the  calcium  acetate  formed  from  the  cuv 
bonate  is  dissolved  the  calcium  flnoride  is  left  behind. 


Second  Group. 

CHLOBINE — BBOHraE — IODISE — CrAXOGEH — SULPHUB. 

I.  Sepasation  of  the  Acids  oi^  the  Second  Gsoop  fxou  tboss 

OF   THE   FntST. 

§187. 

a.  AU .  the  Adda  of  the  Second  Oroup  from  tkm 
of  the  First. 
Mix  the  dilute  solution  with  nitric  add,  add  silver  nitrate  IW 
in  excess,  and  filter  off  the  insoluble  chloride,  bromide,  iodide, 
&c.,  of  silver.  The  filtrate  contains  the  whole  of  the  adds  of 
the  first  group,  the  silver  salts  of  these  acids  being  soluble  in 
water  or  nitric  acid.  Carbonic  acid  must,  under  all  eircoiD- 
stances,  he  determined  in  a  separute  portion  (§  139,  e). 
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h.  Seme  of  the  Adda  of  the  Second  Grmtp  from 
Acids  of  the  Fi/rat  Oroup. 

Ab  it  is  often  ineoDTenient  for  the  fnither  separation  of  196 
the  acidB  of  the  second  gronp  to  have  them  all  ia  the  form  of 
insoluble  silver  compoandfi,  the  analysis  is  sometimes  effected 
bj  separating  firet  the  acid  of  the  firet  gronp,  then  that  of  the 
second.  If  the  quantity  of  substance  is  large  enough,  the 
most  convenient  way  generally  is  to  determine  the  several 
acids,  e.g.,  sulphuric  acid,  phosphoric  acid,  chlorine,  sulphur, 
&C.,  in  separate  portions. 

Of  the  infinite  number  of  combinations  that  may  present 
themselves  we  will  here  consider  only  the  most  important. 

1.  SuUHUBic  Acm  may  bo  readily  separated  from  chlorine,  197 
bromine,  iodine,  and  cyanogen,  by  precipitation  with  a  barinm 
Bait.  If  the  acids  of  the  second  gronp  are  to  be  determined 
in  the  same  portion,  barium  nitrate  or  acetate  is  used  instead 
of  barium  chloride.  In  presence  of  hydrogen  sulphide,  sul- 
phuric acid  cannot  be  determined  in  this  way,  as  part  of  the 
hydrogen  sulphide  would  be  converted  into  sulphuric  acid  by 
the  oxygen  of  the  air.  The  error  thus  introduced  into  the 
process  may  be  very  considerable  (Fkesentub*)  The  hydrogen 
snlphide  must,  therefore,  first  be  removed  by  cupric  chloride, 
and  the  sulphuric  acid  determined  in  the  filtrate ;  or,  the 
hydrogen  sulphide  must  be  completely  oxidized  into  sulphuric 
acid  by  chlorine  or  bromine,  and  a  corresponding  deduction 
afterwards  made  in  calculating  the  quantity  of  the  sulphuric 
acid.  In  other  cases  it  is  well  to  expel  the  hydrogen  sulphide 
according  to  p.  468.  §  148,  c,  by  heating  with  hydrochloric 
acid,  and  to  estimate  the  sulphuric  acid  in  the  residual  fluid. 

3.  Phosphobio  Acid  may  be  precipitated  by  ammonium  198 
magnesinin    nitrate,   after   addition   of  ammonium    nitrate; 
OXALIC  ACID  by  calcium  nitrate ;  chlorine,  bromine,  iodine,  &c..  -, 

are  determined  in  the  filtrate. 

3.  Chlobine  in  Silioateb. 

a.  If  the  silicates  dissolve  in  dilute  nitric  acid,  precipitate  199 
the  highly  dilute  solution  with  silver  nitrate,  without  applying 
heat,  remove  the  excess  of  silver  from  the  filtrate  by  dilute 

•  JouriL  t.  prakt  Chem,  70,  9. 
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hydrochloric  acid,  etiU  withotit  applying  heat,  and  then  sepa- 
rate the  silicic  acid  in  the  nsual  way. 

b.  If  the  Bilicate  becomes  gelatinous  upon  decompoBition 
with  nitric  acid,  dilute,  allow  to  deposit,  filter,  wash  the  sepa- 
rated silicic  acid,  and  treat  the  filtrate  as  in  a.  • 

In  the  processes  a  and  h  the  silver  chloride  may  contain 
silica.  Kedace  the  weighed  silver  salt  by  hydrogen  and  treat 
with  nitric  acid,  the  silica  will  remain  behind. 

c.  If  nitric  acid  fails  to  decompose  the  silicates,  mix  the 
sabetance  with  sodium  and  potaesiam  carbonates,  moisten  the 
mass  with  water,  dry  in  the  cmcible,  fuse,  boil  with  water, 
remove  the  dissolved  silicic  acid  by  ammoniam  carbonate  and 
zinc  oxide  dissolved  iu  ammonia  (1B9),  and  then  precipitate 
after  addition  of  nitric  acid,  with  silver  nitrate. 

4.  CHLORmEB   IN    PBESENCE  OF   FLUOBmES. 

If  the  substance  is  soluble  in  water,  the  separation  may  be  900 
effected  as  directed  196 ;  but  it  is  more  convenient  to  precipi- 
tate the  fluorine  with  calcinm  nitrate,  and  the  chlorine  in  the 
filtrate  with  silver  nitrate.     Insoluble  compounds  are  fused 
with  sodinm  carbonate  and  silicic  acid,  and  treated  as  in  201. 

5.  Chlorides  in  peebknce  of  Flhokides  in  Silicates. 
Fi-oceed  as  directed  189.      Saturate  the  alkaline  filtrate  801 

nearly  with  nitric  acid,  precipitate  with  calcium  nitrate,  aepa- 
rate  the  calcium  fluoride  and  carbonate  as  directed  in  194,  and 
precipitate  the  chlorine  in  the  filtrate  by  silver  nitrate. 

6.  SoLpnmES  in  Silicates. 

If  the  substance  is  decomposable  by  acids,  reduce  it  to  the  801 
very  finest  powder,  and  treat  with  fuining  nitric  acid  free  from 
sulphuric  acid  (§  148, 11.,  2,  a),  or  with  rather  dilute  nitric 
acid  in  sealed  tubes  at  120 — 150°  (Cariub).  When  tiie  snl- 
phnr  is  completely  oxidized,  rinse  the  contents  of  the  fiask  or 
tube  into  a  dish,  evaporate  on  the  water  bath,  treat  with  hydro- 
chloric or  nitric  acid,  dilute,  filter  off  the  silica,  and  determine 
iu  the  filtrate  the  sulphuric  acid  formed.  If,  on  the  cootrary, 
the  substance  is  not  decomposable  by  acids,  fuse  with  i  parts 
of  sodium  carbonate  and  1  part  ox  potassium  nitrate,  boil  the 
fused  mass  with  water,  filter,  remove  the  dissolved  silicic  add 
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fi-rim  the  filtrate  by  acidifying  with  hydrochloric  or  nitric  acid 
:  i)d  evaporating,  and  prdceed  as  above  directed. 

7.    SdLPHIDES   in    PBE8ENGE   OF    CAEBOUATEa. 

If  yon  have  to  estimate  snlphnr  in  sulphides,  which  can  803 
easily  be  decomposed  by  acids  {e.g.,  calcium  sulphide),  in  pres- 
ence of  carbonates,  decompose  the  substance  by  lieating  with 
hydrochloric  acid,  dry  the  evolved  mixture  of  hydrogen  sul- 
phide and  carbonic  acid,  take  up  the  hydrogen  sulphide  by 
tnbes  filled  with  pumice  prepared  with  cupric  sulphate  (p. 
410),  and  the  carbonic  add  by  sodtirlime  tubes  (p.  631). 


Analysis  of  Coufoundb,  coNTAisiva  Alkali  SuLPHiDxa,  CabboiT' 

ATE8,  Sin.PHATEe,  AND  ThIOSITLFEATBS. 

§168. 

The  following  method  was  first  employed  by  G.  Wbetheb*  204 
in  the  examination  of  gunpowder  residues.     N.  FEDOKowf  has 
shown  that  the  original  process  included  an  error,  which  has 
been  put  right  in  the  method  described  below. 

Put  the  snbstance  into  a  flask,  add  water,  in  which  a  suf- 
ficient quantity  of  cadmium  carboDate:^  is  suspended ;  cork, 
and  shake  the  vessel  well.  The  alkali  sulphide  decomposes 
completely  with  the  cadmium  carbonate.  RIterthe  yellowish 
precipitate  off,  and  treat  it  with  dilute  acetic  acid  (not  with 
hydrochloric  acid);  the  cadmium  carbonate  dissolves,  the 
cadmium  sulphide  is  left  undissolved.  Oxidize  the  latter  with 
potassium  chlorate  and  nitric  acid  (p.  166),  or  with  bromine 
(p.  467),  and  precipitate  with  bariam  chloride  the  sulphuric 
acid  formed  from  tlie  8nli)hide. 

Heat  the  fluid  filtered  from  the  yellow  precipitate,  and 
mix  with  solution  of  neutral  silver  nitrate.  The  precipitate 
CODBists  of  silver  carbonate  and  silver  sulphide  (E,S,0,+ 
2AgNO,+H.O=K,SO.-j-Ag,8+2HN"0,).  Filter  it  off,  and 
wa^   with    carbonic    acid   water,  then    remove    the    silver 

*  JouTD.  f.  prakt.  Chem.  50,  Sa.  \  Zeitscbr,  1  anal.  Chem.  9,  12T. 

}  To  obtain  tbe  cadmium  carbonate  tne  from  alkali,  ammonium  carbonate 
must  be  used  u  predpilaot. 
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carbooate  by  ammonia  and  precipitate  the  silver  from  tlie 
aminoniacal  solation  by  acidifying  with  nitric  acid  and  adding 
sodiam  chlonde.  2  mol.  silver  chloride  so  obtained  corm- 
s)x>nd  to  I  mol.  carbonate.*  Dieeolve  the  eilver  snlphidein 
«lilute  boiling  nitric  acid,  determine  the  silver  in  the  eolation 
!is  silver  chloride,  and  calculate  from  the  result  tlie  qnanti^ 
of  the  thioEulpharic  acid ;  1  moL  AgCl  corresponds  to  1  at 
snlphur  in  thiosulphuric  acid,  or  2  AgCl  correspond  to  K^,0,. 
From  the  flaid  filtered  from  the  silver  sulphide  and 
carbonate  remove  first  the  excess  of  silver  by  means  of 
hydrochloric  acid,  and  then  precipitate  the  aulphnric  acid  by 
a  barium  salt.  From  the  sulphuric  acid  found  you  have,  of 
course,  to  deduct  the  quantity  of  that  acid  resulting  from  the 
decomposition  of  the  thiosnlphuric  acid,  and  accordingly  for  1 
part  of  silver  chloride  formed  from  the  sulphide,  "279  parts  of 
snlphnric  anhydride  (SO,).  The  difference  gives  the  amoimt 
of  sulphuric  acid  originally  present  in  the  analyzed  compound. 
By  way  of  control,  you  may  determine,  in  the  finid  filtered 
from  the  barium  sulphate,  the  alkali  as  sulphate  (§  97  or  §  9S). 

U.  Sepasatioit  of  the  Acibs  of  the  Sscoim  Oboup  fbok 

BACH  OTHES. 


1.  Chlorine  fboh  Brouine. 

All  the  methods  of  direct  analysis  hitherto  proposed  to 
effect  the  separation  of  chlorine  from  bromine  are  defective, 
The  bromine  is  therefore  always  determined  in  a  more  indi- 
rect way. 

a.  Precipitate   with   silver  nitrate,  wash  the  precipitate,  >M 
wash  it  from  the  filter  into  a  porcelain  dish,  extract  the  filter 
with  hot  ammonia,  evaporate  the  ammonia  in  a  weighed  porce- 
lain crucible,  add  the  principal  quantity  of  the  precipitate, 
dry,  fuse,  and  weigh.     Transfer  an  aliquot  part  of  the  mixed 

*  A  quandtj  equivalent  to  the  aulphur  found  exiattng  b»  sulj^de  bu  to  ■> 
deducted  from  this  (K,B+CdCO,=CdS+K,CO.).  On  the  other  hand,  squM- 
tity  equivalent  to  the  sulphide  of  silver  precipitated  by  the  ifaiosalphate  mas'  tw 
added,  for  each  mol.  of  sulphide  of  silver  from  the  tliio^iulphate  giTesSui^ 
HNOi,  which  decomposes  1  mol.  carbonate  of  silver.  Thk  correctioo  wtt 
overlooked  by  Wkbthkb. 
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silver  chloride  and  bromide  to  a.  liglit  weighed  bulb-tube  of 
hard  glass,*  fuse  in  the  bulb,  let  the  mass  coo],  and  weigh. 
This  operation  gives  both  the  total  weight  of  the  tube  with 
its  coDtenta,  and  the  weight  of  the  portion  of  mixed  silver 
chloride  and  bromide  in  the  bulb.  The  greatest  accuracy  in 
the  several  weighings  is  indispensable.  Now  transmit  tlirough 
the  tube  a  slow  stream  of  dry  pure  chlorine  gas,  heat  the  con- 
tents of  the  bulb  to  fusion,  and  sliake  the  fused  mass  occasion- 
ally about  in  tlie  bulb.  After  tlie  lapse  of  about  20  minutes, 
take  off  the  tube,  allow  it  to  cool,  hold  it  in  an  oblique  posi- 
tion, that  the  chlorine  gas  may  bo  replaced  by  atmospheric 
air,  and  then  weigh.  Heat  once  more  for  about  10  minutes  in 
a  stream  of  chlorine  gas,  and  weigh  again.  If  the  two  last 
weighings  agree,  the  experiment  is  terminated ;  if  not,  the 
operation  must  be  repeated  once  more.  The  lose  of  weight 
suffered,  multiplied  by  422297  (which  may  be  taken  as  4223), 
gives  the  quantity  of  the  silver  bromide  decomposed  by  the 
chlorine.  For  the  proof  of  this  rule,  see  "  Calculation  of 
Analyses." 

This  method  givee  very  accurate  results,  if  the  proportion 
of  bromine  present  is  not  too  small ;  but  most  uncertain 
results  in  eases  where  mere  traces  of  bromine  have  to  be 
determined  in  presence  of  large  quantities  of  chlorides,  as,  for 
instance,  in  salt-springs.  To  render  the  method  available  in 
snch  cases,  the  great  point  is  to  produce  a  silver  compound 
containing  all  the  bromine,  and  only  a  small  part  of  the 
chlorine.  This  end  may  be-  attained  in  several  ways.  In 
these  processes  the  quantity  of  chlorine  is  found  by  completely 
.  precipitating  a  separate  portion  with  silver  solution,  and 
deducting  the  silver  bromide  found  from  the  weight  of  the 
precipitate. 

a.  Mix  tlie  solntion  with  sodium  carbonate  in  excess  (if  a 
precipitate  is  formed,  do  not  filter),  evaporate  to  dryness, 
powder  the  residue,  extract  witli  hot  absolute  alcohol ;  the 
solution  contains  the  whole  of  the  alkali  bromide,  and  only  a 
small  portion  of  the  alkali  chloride;  add  a  drop  of  soda  soln- 
tion, and  evaporate,  dissolve  the  residue  in  water,  acidify  with 
nitric  acid,  and  precipitate  with  silver  solution. 

'  The  best  way  of  effecting  the  removal  of  the  fiued  masB  from  the  cmdble 
Is  to  fuse  aguQ,  and  then  pour  out. 
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p.  Fehlino's  method.*  Mix  tbe  solution  cold  with  a  906 
qnantity  of  eolation  of  silver  nitrate  not  nearly  sufficient  to 
effect  complete  precipitation,  ehaking  the  mixture  vigoroudj, 
and  leave  the  precipitate  for  some  time  in  the  fluid,  with 
repeated  shaking.  If  the  amount  of  the  precipitate  produced 
corresponds  at  all  to  the  quantity  of  bromine  present,  the 
whole  of  the  latter  substance  is  obtained  in  the  precipitate. 

Fehlino  gives  the  following  rule : 

If  the  fluid  contains  1  bromine  to  1000  chlorine  use  J  or  ^ 
the  quantity  of  silver  nitrate  that  would  be  required  to  effect 
complete  precipitation ;  if  the  fluid  contains  10,000  times  u 
much  chlorine  as  bromine,  use  iVj*  if  50,000,  use  ■^\  if 
100,000,  use  Vir- 

Wash  the  mixed  precipitate  of  silver  chloride  and  bromide 
thormtghly,  dry,  ignite,  weigh,  and  treat  with  chlorine  as 
above. 

y.  MAiiCBAimt  has  slightly  modified  Fehlino's  method.  W 
He  reduces  with  zinc  the  mixed  precipitate  of  silver  chloride 
and  bromide, obtained  by  Feeling's  fractional  precipitation, 
decomposes  the  Eolation  of  zinc  chloride  and  bromide  with 
sodium  carbonate,  evaporates  to  dryness,  and  extracts  the  resi- 
due with  absolute  alcohol,  wliich  dissolves  all  the  sodinin 
bromide  with  only  a  little  of  the  sodium  chloride ;  he  then 
evaporates  the  solution  to  dryness,  takes  up  the  residue  with 
water,  precipitates  again  with  silver  nitrate,  and  subjects  a 
part  of  the  weighed  precipitate  to  the  treatment  with  chlorine. 

6.  If  a  fluid  containing  chlorides  in  presence  of  some 
bromide  is  heated  in  a  retort  with  hydrochloric  acid  and 
manganese  dioxide,  the  whole  of  the  bromine  passes  over  before 
any  of  the  chlorine.  Under  this  circumstance  Mobb^  bases 
the  following  method  for  effecting  the  concentration  of 
bromine : — Distil  as  stated,  and  conduct  the  vapore,  throngh  a 
doubly  bent  tube,  into  a  wide  Woulf's  bottle,  which  contaiut 
some  strong  ammonia.  Dense  fumes  form  in  the  bottle,  fill- 
ing it  gradually.  Condnct  the  excess  of  vapors  from  the  first 
into  a  second  bottle,  with  narrow  neck,  containing  ammoniated 
water.  Both  bottles  must  be  sufficiently  large  to  allow  no 
vapors  to  escape.     When  the  whole  of  the  bromine  is  evolved, 

•  Joum.  t.  prakt.  Chem.  45,  269. 

t  lb.  47,  S63.  X  Auiwl.  d.  Chetn.  u.  Pbarm.  M,  80. 
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which  may  be  distinctly  seen  by  the  color  of  the  space  above 
the  liquid  in  the  retort  and  tubes,  raise  the  cork  of  the  flask  to 
prevent  the  receding  of  ammonium  bromide  fumea.  Lot  the 
apparatus  cool,  and  unite  the  contents  of  the  two  bottles;  the 
duid  contains  the  whole  of  the  bromine,  with  a  relatively  small 
•  portion  of  the  chlorine. 

h.  Determine  in  a  portion  of  the  solution  the  chlorine  208 
-j-  bromine  (by  precipitating  with  silver),  either  gravimetrically 
or  volumetrically ;  in  another  portion  the  bromine,  either  by 
the  colorimetric  method  (§  143,  I.,  b,  /3)  or  volumetrically 
(§  143, 1.,  h,  a).  Calculate  the  chlorine  from  the  difference. 
The  method  is  very  Enitable  for  an  expeditious  analysis  of 
mother-liquore. 

2.  Chloeink  fbom  Iodine. 

a.  Mix  the  solution  with  palladious  nitrate,  and  determine  209 
the  precipitated  palladious  iodide  as  directed  §  143, 1.,  a,  fi. 
Conduct  hydrogen  sulphide  into  the  filtrate  to  remove  excess 
of  the  palladium,  destroy  the  excess  of  hydrogen  sulphide  by 
solution  of  ferric  sulphate,  and  precipitate  the  chloriue  finally 
with  solution  of  silver.  It  is  generally  found  more  simple 
and  convenient  to  precipitate  from  one  portion  the  iodine,  by 
means  of  palladious  chloride,  as  directed  §  145, 1.,  a,  >3,  from 
another  portion  the  chlorine  and  iodine  jointly  with  silver 
nitrate,  and  to  calculate  the  chlorine  from  the  difference.  If 
yua  have  no  solution  of  palladious  nitrate  ready,  and  the 
chlorine  and  iodine  must  be  determined  in  one  portion  of  the 
solution  under  examination,  add  a  measui-ed  quantity  of  a 
solution  of  palladious  chloride,  determine  the  amount  of  chio-  - 
-rine  in  this  in  another  exactly  equal  portion  of  the  same  eola- 
tion, and  deduct  it.  Tho  results  are  accurate.  In  the  case  of 
flnids  containing  a  lai^  proportion  of  alkali  chlorides  to  a  small 
qnantity  of  iodide — and  such  cases  often  occur — the  iodide  is 
concentrated  by  adding  sodium  carbonate  to  the  fluid,  evapo-, 
rating  to  dryness,  extracting  the  residue  with  hot  alcohol, 
evaporating  the  alcoholic  solution  with  addition  of  a  drop  of 
eolation  of  soda,  and  taking  the  residue  up  with  water. 

h.  Proceed  exactly  as  for  the  indirect  determination   of  210 
bromine  in  presence  of  chlorine  (205).     The  greatest  care 
most  be  taken  that  as  little  as  possible  of  the  mixed  silver  chlo- 
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ride  and  iodide  adheres  to  the  filter,  for  eilver  iodide  dissolves 
only  vciy  Blightlj  iu  ammonia.  Any  particles  of  silver  iodide 
remaining  attached  to  the  filter  may  be  Bared  by  incinerating 
the  filter  and  evaporating  the  ash  with  a  drop  of  citric  acid 
and  a  drop  of  hydri^dic  acid.  The  loss  of  weight  sofiered  by 
the  silver  precipitate  on  fusion  in  chlorine  multiplied  by  3'£>69 
gives  the  amount  of  eilver  iodide  present.  This  metliod  gives 
still  better  results  than  iu  the  separation  of  bromine  from 
chlorine,  inasmuch  as  the  difFerence  between  the  atomic 
weights  of  iodine  and  chlorine  is  far  greater  than  the  di£e^ 
ence  between  those  of  bromine  and  chlorine.  Bearding  the 
concentration  of  the  iodide,  if  necessary,  see  209. 

c.  Liberate  the  iodine  by  nitrons  acid,  take  it  up  with  car-  ill 
bon  disulphide,  wash  the  latter,  and  then  estimate  the  iodine 

in  it  by  sodium  thiosulphate  (p.  440,  yS). 

In  this  process  the  chlorine  is  determined,  either  iu  the 
fluid  separated  from  the  violet  carbon  disulphide,  or  with 
greater  accuracy  by  precipitating  the  chlorine  +  iodine  in 
a  second  portion  with  silver,  and  deducting  the  weight  of 
eilver  iodide  corresponding  to  the  iodine  already  found  from 
the  weight  of  the  precipitate.     A  good  and  approved  method. 

If  the  quantity  of  iodine  ia  small,  the  following  method 
may  also  be  used  with  advantage  for  estimating  it : 

The  carbon  disulphide  should  be  thoroughly  washed,  cov- 
ered with  a  layer  of  water,  and  in  a  stoppered  bottle.  Add 
drop  by  drop,  with  shaking,  dilute  chlorine  water  (of  unknown 
strength),  till  the  coloration  has  juat  vanished,  and  all  the 
iodine  is  consequently  converted  into  ICl,.  Separate  the  solu- 
tion from  the  disulphide,  add  potassium  iodide  solution  in  snf- 
ficient  excess,  and  determine  the  free  iodine  after  §  146.  Six 
parts  of  the  iodine  found  correspond  to  1  part  originally  pres- 
ent. If  the  analyst  would  avoid  the  trouble  of  pouring  off  the 
fluid  from  tlie  disulphide,  and  of  washing  the  latter,  he  may 
transfer  the  mixture,  after  the  addition  of  chlorine  to  decoliw- 
ation,  to  a  somewhat  narrow  measuring  cylinder,  note  the  vol- 
ume occupied  by  the  iodine  pentacbloride  solution,  take  onta 
portion  witli  a  pipette,  and  proceed  as  above  directed. 

d.  For  technical  purposes  the  following  method  is  ako  HI 
suitable.     It  was  recommended  by  Waij-ace  and  Lamont*  for 

•  Ghtm.  Qu.  ISU,  187. 
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the  eetimation  of  iodine  in  kelp.  The  kelp-lie  is  nearly  nea 
tralized  with  nitric  acid,  evaporated  to  diyness,  and  the  reeidae 
fnsed  in  a  platinum  vesBel  to  oxidation  of  all  the  stilphidea. 
Treat  with  water,  filter,  add  silver  nitrate  till  the  precipitate 
appears  perfectly  white,  wash,  digest  with  strong  ammonia,  and 
weigh  the  residual  silver  iodide.  Finally,  add  to  the  weight 
of  the  latter  the  amount  which  passes  into  solation  in  the 
ammonia ;  it  is  ^^^  of  the  aqueouB  ammonia  (ep.  gr.  -89) 
need. 

3.  Chlorine,  Bbohine,  and  Iodine  from  each  other. 

a.  The  three  acid  radicals  are  determined  jointly  in  a  per-  S13 
tion  of  the  fluid  by  precipitating  with  solution  of  silver 
nitrate  (^  141, 1.,  a  or  h,  ot).  To  determine  the  iodine,  another 
portion  is  precipitated  with  palladioua  chloride  in  the  least  pos- 
sible excees  (§  145,  I.,  a,  ^.  The  fluid  filtered  from  the  pre- 
cipitate is  freed  from  palladium  by  hydrogen  sulphide  and  the 
excess  of  the  latter  removed  by  means  of  ferric  sulphate ;  the 
chlorine  and  bromine  are  then  precipitated  jointly  either  com- 
pletely or  partially  with  silver  nitrate,  and  the  bromine  deter- 
mined as  directed  206. 

If  the  compound  contains  a  large  proportion  of  chlorine  to 
a  small  proportion  of  bromine,  the  iodine  may  be  precipitated 
also  by  paliadious  nitrate,  as  there  is  no  danger,  in  that  case, 
of  paliadious  bromide  being  copreeipitated.  The  filtrate  is 
treated  as  above. 

These  methods  give  accurate  results;  but  they  are  appli- 
cable only  if  the  quantity  of  iodide  present  is  somewhat  con- 
eidenible. 

h.  Mix  the  neutral  dilute  and  cold  solution  containing  alkali  314 
iodide  with  alkali  chloride  or  alkaki  bromide,  or  both,  with  a 
saturated  neutral  solution  of  thallium  nitrate,  stirring  well  till, 
on  repeated  trial,  yon  obtain  a  transient  white  precipitate — 
the  first  and  permanent  precipitate  being  yellow.  It  is  best  to 
have  the  thallium  E-olntion  in  a  burette,  so  that  you  can  easily 
add  it  by  drops.  If  the  white  precipitate  of  thallium  chloride 
or  bromide  does  not  at  once  disappear  on  stirring,  add  more 
water,  but  not  an  unnecessaiy  quantity,  or  some  of  the  thal- 
linm  iodide  will  remain  in  solution. 

Allow  to  stand  eight  or  twelve  houre  in  a  cold  place,  poar 
ofi  the  dear  fluid  through  a  weighed  fllter  dried  at  100°,  wash 
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the  filter  ft  little  so  that  no  more  water  tliao  neceesai^  waj 
paee  throngli  the  precipitate,  tnra  the  precipitate  on  to  the 
filter,  wash  with  as  little  water  as  jou  can,  drj  at  100°,  and 
weigh.  Precipitate  the  chlorine  and  bromine  in  the  filtrate 
by  silver  eolution.  If  they  are  both  present,  the  mixed  silver 
precipitate  is  to  be  treated  according  to  205.  Iteenlte  q^mte 
Batisfactory  (Hubneb  and  Sfxzia,*  and  HtlBKXB    and  Fri- 

RICHsf), 

c.  Bemove  the  iodine  from  the  solution  by  carbon  disnl-  SU 
phide  or  chloroform,  as  in  211.  In  the  fluid  separated  from 
the  iodized  carbon  disolphide  determine  the  chlorine  and  bro- 
mine as  directed  205,  and  in  the  iodized  carbon  disulphide,  the 
iodine  as  directed  §  145,  I.,  J,  yS.  This  method  is  particularly 
recommended  for  the  separation  of  small  qoantitiee  of  iodine, 
and  in  this  respect  is  supplementary  to  213. 

d.  Determine   in   a  portion  of  the  compound   the  dilo-  tU 
rine,  bromine,  and  iodine  jointly  by  adding  a  known  quantity 

of  standard  silver  solution  in  slight  excess,  filtering  and  deter- 
mining the  small  excess  of  silver  in  the  filtrate  by  iodide  of 
starch  (p.  295).  The  precipitate  is  weighed,  compare  210, 
We  now  know  the  tatal  of  the  chloride,  bromide,  and  iodide 
of  silver  and  also  the  silver  therein  contained. 

Determine  the  iodine  separately  as  in  215,  calculate  the 
quantity  of  silver  iodide  and  of  silver  corresponding  to  the 
amount  found,  deduct  the  calculated  amount  of  silver  iodide 
from  the  mixed  iodide,  chloride,  and  bromide  of  silver,  that  of 
the  silver  from  the  known  quantity  of  the  metal  contained  in 
the  mixed  compound ;  the  remainders  are  respectively  the 
joint  amount  of  chloride  and  bromide  of  silver,  and  the  quan- 
tity of  the  metal  contained  therein ;  these  are  the  data  for 
calculating  the  chlorine  and  bromine. 

i.  Analysis  of  Iodine  cohtaininq  Chlokine. 

a.  Dissolve  a  weighed  quantitity  of  the  dried  iodine  in  217 
cold  sulphurous  acid,  precipitate  witi  silver  nitrate,  digest  the 
precipitate  with  nitric  acid,  to  remove  the  silver  sulphite 
which  may  have  coprecipitated,  and  weigh.  The  calculation 
of  the  iodine  and  chlorine  is  made  by  the  following  equations, 
in  which  A  represents  the  quanti^  of  iodine  analyzed,  x  the 

•  ZeitBChr.  f.  anal.  Chem.  11.  8W.  t  ^^  H-  *0'>- 
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iodine  contained  in  it,  y  the  chlorine  contained  in  it,  and  S 
the  amoont  of  silver  chloride  and  iodide  obtained : 

and 


-»+■ 


€1 


^?H 


:4^+^=4-0437 


^.g- 1-851  .A 
^  2-1929 

h.  If  ;^oii  have  free  iodine  and  free  chlorine  in  Bolndon,  deter-  218 
mine  in  one  portion,  after  heating  with  snlpharoas  acid,  the 
iodine  as  palladinm  iodide  (§  145, 1.,  a,  /?),  and  treat  another 
portion  as  directed  %  146.  Deduct  from  the  apparent  amonnt 
of  iodine  f  onnd  by  the  latter  proceaa,  the  actual  qnantity  calcu- 
lated from  the  palladimn  iodide ;  the  difFerence  expreesee  the 
amoQQt  of  iodine  equivalent  to  the  chlorine  contained  in  the 
enbetance. 

5.  Analtbis  of  Bkoudtb  oostaihiko  Chlobqtb. 

a.  Proceed  exactly  as  in  317,  weighing  the  bromine  in  a  810 
small  glass  bnlb.     Taking  ^  to  be  eqnal  to  the  analyzed  bro- 
mine, B  to  the  silyer  bromide  and  chloride  obtained,  x  to  the 
bromine  contained  in  ^,  y  to  the  chlorine  contained  in  A,  the 
calcnlfttioQ  is  made  by  the  following  equations : 

»+y=J. 
and 

5—2-34997^ 


h.  Mix  the  weighed  anhydrous  bromine  with  solntion  of  ] 
iodide  of  potassium  in  excess,  and  determine  the  separated 
iodine  as  directed  §  146. 
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From  these  data,  the  respective  quantities  of  bromine  and 
chlorine  are  calcnlated  by  the  following  eqnations.  het  A 
represent  the  weighed  bi-omine,  i  the  iodine  fonnd,  y  the 
chlorine  contained  in  A,  x  the  bromine  contained  in  A,  then 

x-{-y  =  A 
i  —  l 

y  =  — 7 


BDKeEN,  the  originator  of  methods  4  and  5,  bae  ei:peri- 
mentall;  proved  their  accaracy.* 

6.  Cyanookn  fbom  Chlorine,  Bromine,  or  Iodiki. 

a.  Precipitate  with  Bolntion  of  silver,  collect  the  precipi^  811 
tate  upon  a  weighed  filter,  and  dry  in  the  water-bath  until  the 
weight  remains  constant ;  then  determine  the  cyanogen  by  the 
method  of  organic  analysis ;  the  quantity  of  the  chlorine,  bro- 
mine, or  iodine  is  found  by  difEerence. 

S.  Precipitate  with  solution  of  silver  as  in  a,  dry  the  pre-  ttl 
cipitate  at  100°  and  weigh.  Heat  the  precipitate,  or  an  ali- 
quot part  of  it,  in  a  porcelain  crucible,  with  cautions  agitation 
of  the  contents,  to  complete  fusion ;  add  dilute  sulphuric  &cid 
to  the  fused  mass,  then  reduce  by  zinc,  filter  the  solution  from 
the  metallic  silver  and  silver  paracyanide,  and  determine  the 
chlorine,  iodine,  or  bromine  in  the  filtrate,  in  the  usual  way 
by  silver.  The  silver  cyanide  is  the  difference.  NEcsArEB 
and  KEKNEEf  obtained  very  satisfactory  results  by  this 
method. 

0.  Precipitate  with  solution  of  silver  as  in  a,  weigh  the  pre-  SD 
cipitate  and  heat  it,  or  an  aliquot  part,  with  nitric  acid  of  1'3 
sp.  gr.  in  a  sealed  tube  at  100°  for  several  hours,  or  at  150° 
■for  one  hour.  The  silver  cyanide  is  completely  decomposed, 
while  the  chloride,  bromide,  or  iodide  are  unaffected.  Filter 
the  contents  of  the  tube,  wash  the  precipitate  and  weigh  it, 
the  loss  indicates  the  amount  of  silver  cyanide  (K.  KbactJ). 

d.  Determine  the  radicals  jointly  in  a  portion  by  predpi-  8M 
tating  with  solution  of  silver,  and  the  cyanogen  in  another 
iportion,  in  the  volumetric  way  (§  147, 1.,  J). 

•  AiU)al..a.  Chem.  u.  Pharm.  66,  374,  276.  \ lb.  101,  Mi 

4  Zeitachr,  f.  anal.  Cbero.  8,  S48. 
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T.  Febbo-  oa  Fbbriotahooen  fkoh   Htdbochlokic 

To  analyze  flay  potaesitun  ferro-orferrieyanide,  mixed  with  226 
an  alkali  chloride,  determine  in  one  portion  the  ferro-  or  ferri- 
cyanogen  ae  directed  §  147,  II.,  g ;  acidify  another  portion 
with  nitric  acid,  precipitate  with  Bolntion  of  Bilver,  waah  the 
precipitate,  fuse  with  4  parte  of  Bodinm  carbonate  and  1  part 
of  potaseinm  nitrate,  extract  the  fused  masa  with  water,  and 
determine  the  chlorine  in  the  solation  ae  directed  in  §  141. 

8.  SOLPHCE  (in    SljI.PHn>K8)   FROM    ChLOKINE. 

The  old  method  of  separating  the  two  radicals  by  meaOB  of  a  226 
metallic  Bait  ib  liable  to  give  false  results,  as  part  of  the  chlo- 
rine may  fall  down  ae  chloride  with  the  sulphide.  We,  there- 
fore, precipitate  both  as  silver  compounds,  dry  the  precipitate 
at  100°,  weigh  it,  and  determine  the  sulphur  in  a  weighed 
portion ;  or — and  this  is  usually  preferred — determine  in  a 
portion  of  the  solution  the  sulphur  as  directed  g  148,  I.,  a,  or 
ft,  in  another  portion  the  sulphur  -\-  chlorine  in  form  of  silver 
saltB.  If  jou  employ  a  solution  of  silver  nitrate  mixed  with 
excess  of  ammonia,  for  the  determination  of  the  eulphnr,  yon 
may,  after  filtering  o3.  the  silver  sulphide,  estimate  the  chlo- 
rine directly  as  silver  chloride,  by  adding  nitric  acid,  and,  if 
necessary,  more  neutral  silver  solution.  In  this  case  you  must 
take  care  that  the  silver  sulphide  is  pure ;  should  it  contain 
calcium  carbonate,  which  is  not  unlikely  if  calcium  is  present, 
yon  remove  this  with  dilnte  acetic  acid.  The  weighed  silver 
snlphidc  should  be  reduced  by  hydrogen,  and  then  weighed 
again  by  way  of  control.  To  ;^move  hydrogen  sulphide  from 
an  acid  solution,  in  order  that  chlorine  may  be  determined  in 
the  latter  by  means  of  silver  nitrate,  H.  Rose  recommends  to 
add  solution  of  ferric  sulphate,  which  will  effect  the  separa- 
tion of  sulphur  alone;  the  separated  sulphur  is  allowed  to 
deposit,  and  then  filtered  ofE. 
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Third   Group. 

HITBIO   ACID — CBLOBIC   ACID. 

L    SSFABATION   OF    THE   AotDS   OF  THE   ThIBD    GkOUF    FBOU  THOSE 
OF   THE   FIBST  TWO    GsOUFB. 


a.  If  jon  hare  a  mixture  of  nitric  acid  or  chloric  scid  with  SST 
aBOtber  free  acid  in  a  fluid  containiog  no  basee,  deteroiiiie  in 
one  portion  the  joint  amount  of  the  free  acid,  by  the  acidi- 
metric  method  (see  Special  Part),  in  another  portion  the  acid 
mixed  with  the  chloric  or  nitric  acid,  and  calculate  the  amount 
of  either  of  the  latter  from  the  difference. 

&,  If  you  have  to  analyze  a  mixture  of  a  nitrate  or  chlorate  S88 
with  some  other  salt,  determine  in  one  portion  the  nitnc  or 
chloric  acid  volnmetrically  (§  149,  11.,  d,  a,  or  0,  or  II., «, 
and  g  150),  or  the  nitric  acid  by  §  149,  IT.,  Oy  fi ;  and  vi 
another  portion  the  other  acid.  I  think  I  need  hardly  remark 
that  no  substances  most  be  present  which  would  interfere  with 
the  application  of  these  methods. 

e.  From  the  chlorides  of  many  metals  whose  carbonates  or  389 
normal  phospliates  are  insoluble,  chlorates  and  nitrates  may 
be  separated  also  by  digesting  the  solution  with  recently  pre- 
cipitated thoroughly  washed  silver  carbonate  or  normal  silver 
phosphate  iti  excess,  and  boiling  the  mixture.  In  tliis  process, 
the  chlorides  react  with  the  carbonate  or  phosphate — silver 
chloride  and  carbonate  or  phosphate  of  the  metal  with  which 
the  chlorine  was  originally  combined  being  formed,  which 
both  separate,  together  with  the  excess  of  the  silver  carbon- 
ate or  phosphate,  whilst  the  chlorates  and  nitrates  remain  in 
solution  (H.  Rose,  Chbnevix,  Lassaiqnb*). 

d.  The  estimation  of  an  alkaline  chlorate,  in  presence  of  S30 
a  chloride,  may  be  effected  also  by  precipitating  one  portion 
at  once,  and  another  portion  after  gentle  ignition,  with  solu- 
tion of  silver,  and  calculating  the  chloric  acid  from  the  differ- 
ence between  the  two  precipitates. 

6.  Where  yon  have  nitrate  of  soda  or  potash  in  presence  of  831 

■  Joum.  de  Fbaim.  16,  289;  Pbatm.  CentralbL  1860, 181. 
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nitrite  or  carbonate,  ae  for  instance  in  the  commercial  alliali 
nitrites,  estimate  in  one  portion  the  carbonate  by  standard  acid 
(see  Special  Part),*  in  another  portion  the  nitrous  acid  by 
permanganate  or  chromate  of  potash  (p.  866).  The  nitrate  is 
found  by  difference. 

II.  Sbpasation  of  the  Acids  of  the  Theed  Gbopp  fboh  bach 

OTHBB. 

"We  have  as  yet  no  method  to  effect  the  direct  separation  23S 
of  nitric  acid  from  chloric  acid ;  the  only  practicable  way, 
therefore,  is  to  determine  the  two  acids  jointly  in  a,  portion  of 
the  compound,  by  the  method  described  for  nitric  acid,  §  149, 
II.,  d,  a,  bearing  in  mind'  that  12  atoms  iron  are  converted 
from  a  ferrous  to  a  ferric  salt  by  2  mol.  chloric  acid  (HOIO^ 
or  1  mol.  chloric  anhydride  (01,0,),  In  another  portion  esti- 
mate the  chloric  acid,  by  adding  sodium  carbonate  in  excess, 
evaporating  to  dryness,  fusing  the  residue  nntil  the  chlorate 
is  completely  converted  into  chloride,  and  then  determining 
the  chlorine  in  the  latter,  taking  care  that  the  silver  chloride 
contains  no  difficultly  soluble  nitrite.  2  mol.  silver  chloride 
produced  from  this  corresponds  to  2HC10,  or  01,0,,  provided 
there  was  no  chloride  origiually  present. 

'The  alkali  Qltritea  have  no  alkalme  Teactioi)> 
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SECTION"  VL 
ORGANIC    ANALYSIS. 

§m. 

Oboanio  compounds  contain  comparatively  only  few  of  the  ele- 
ments.   A  small  namber  of  them  consist  simply  of  2  elements,  viz., 

CandH; 
the  greater  namber  contain  3  elements,  viz.,  as  a  mle, 

C,  H,  and  O ; 
most  of  the  rest  4  elements,  viz.,  generally, 
C,H,  O,  andN; 
a  small  nnmber  5  elements,  viz., 

C,  H,  O,  N,andS; 
and  a  few,  6  elements,  viz., 

C,  H,  O,  N,  S,  and  P. 

Tliis  applies  to  all  the  natural  organic  componnde  which  h&ve 
as  yet  come  under  onr  notice.  But  we  may  artificially  prepare 
organic  compounds  containing  other  elements  besides  those  ena- 
mcrated ;  thus  wo  know  many  oi^nic  Bubstances,  which  contain 
chlorine,  iodine,  or  bromine;  others  which  contain  ar^nic,  anti- 
mony, tin,  zinc,  platinum,  iron,  cobiilt,  etc.;  and  it  is  quite  impos- 
sible to  eay  which  of  the  other  elements  may  not  be  similarly 
capable  of  becoming  more  remote  constituents  of  organic  com- 
pounds (constituents  of  organic  radicals). 

With  these  compounds  we  muBt  not  confound  those  in  which 
organic  acids  are  combined  with  inorganic  bases,  or  organic  bases 
with  inorganic  acids,  such  as  tartrate  of  lead,  for  instance,  silicic 
ether,  borate  of  morphia,  etc. ;  since  in  such  bodies  any  of  the  ele- 
ments may  of  course  occur. 

Organic  compounds  may  be  analyzed  eitlier  with  a  view  simply 
to  resolve  them  into  their  proximate  constitnents ;  thua,  for 
instance,  a  gnm-resin  into  resin,  ^m,  and  ethereal  oil;  or  the 
analysis  may  have  for  its  object  the  determination  of  the  ultimate 
constitnents  (the  elements)  of  the  substance.    The  edmple  resoJo- 
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tion  of  organic  compoiiads  into  tlieir  proximate  coDstitueuts  is 
effected  by  methods  perfectly  similar  to  tliose  nsed  ia  the  analyeis 
of  inorganic  compounds ;  that  is,  the  operator  endeavors  to  sepa- 
rate (by  solvents,  application  of  heat,  etc.)  the  individual  constitu- 
ents from  one  anotlier,  either  directly,  or  after  having  converted 
them  into  appropriate  forms.  We  disregard  here  altogether  this 
kind  of  oi^nic  analysis — of  which  the  methods  must  be  nearly  as 
numerous  and  varied  as  the  cases  to  which  they  are  applied — and 
proceed  at  once  to  treat  of  the  secotid  kind,  which  may  be  called 
the  idtimale  analysis  of  organic  bodies. 

The  ultimate  analysis  of  organic  bodies  {here  termed  simply, 
organic  analysis)  has  for  its  object,  as  stated  above,  the  determi- 
nation of  the  elements  contained  in  organic  substances.  It  teaches 
QS  how  to  isolate  these  elements  or  to  convert  them  into  com- 
pounds of  known  composition,  to  separate  the  new  compounds 
formed  from  one  another,  and  to  calculate  from  their  several 
weights,  or  volumes,  the  quantities  of  the  elements.  Organic 
aiialysLB,  therefore,  is  based  upon  the  same  principle  upon  which 
rest  most  of  the  methods  of  separating  and  determining  inorganic 
compounds. 

The  conversion  of  most  organic  substances  into  distinctly 
characterized  and  readily  separable  products,  the  weights  of  which 
can  be  accurately  determined,  oSers  no  great  difficulties,  and 
organic  analysis  is  therefore  usually  one  of  tlie  more  easy  tasks  of 
analytical  cbembtry ;  and  as,  from  the  limited  number  of  tho  ele- 
ments which  constitute  organic  bodies,  there  is  necessarily  a  great 
sameness  in  the  products  of  their  decomposition,  the  analytical 
process  is  always  very  similar,  and  a  few  methods  suffice  for  all 
cases.  It  is  principally  ascribable  to  this  latter  circumstance  that 
organic  analysis  has  so  speedily  attained  its  present  high  degree  of 
perfection :  the  constant  examination  and  improvement  of  a  few 
methods  by  a  great  number  of  chemists  could  not  fail  to  produce 
this  result. 

An  organic  analysis  may  have  for  its  object  either  simply  to 
ascertain  the  relative  quantities  of  the  constituent  elements  of  a 
substance — thus,  for  instance,  woods  may  be  analyzed  to  ascertain 
their  heating  power,  fats  to  ascertain  their  illuminating  power— or 
to  determine  not  only  the  relative  quantities  of  the  constituent 
elementary  atoms,  but  also  the  number  of  atoms  of  carbon,  hydro- 
gen, oxygen,  Ac,  which  constitute  1  molecule  of  the  analyzed 
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componnd.  In  Bcientific  inveetigations  we  have  isTamblj  tbe 
latter  object  in  view,  althoagh  we  are  not  yet  able  to  achieve  it  io 
all  caees.  These  two  objects  cannot  well  be  attained  by  one  opera- 
tion ;  each  rcqairee  a  distinct  process. 

The  methods  by  which  we  ascertain  the  proportions  of  the  con- 
Btitaent  elemeute  of  organic  compounds  may  be  called  eollectively 
the  vltimate  analyaia  of  organic  bodies,  in  a  more  reetrided 
sense ;  whilst  the  methods  which  reveal  to  ns  the  abeolnte  number 
of  elementary  atoms  constitntiug  the  molecule  of  the  analyzed 
compound  may  be  styled  the  determination  of  the  molecular 
weigM  of  organic  bodies. 

The  success  of  an  organic  analysis  depends  both  opon  the 
.method  and  its  execution.  The  latter  requires  patience,  circmn- 
Bpection,  and  skill ;  whoever  is  moderately  endowed  vrith  these 
gifts  will  soon  become  a  proficient  in  this  branch.  The  selection 
of  the  method  depends  upon  the  knowledge  of  the  constituente  of 
the  substance,  and  the  method  selected  may  reqaire  cerEain  modifi- 
cations, according  to  the  properties  and  state  of  a^regation  of  the 
same.  Before  we  can  proceed,  therefore,  to  describe  the  various 
methods  applicable  in  the  different  cases  that  may  occur,  we  hive 
first  to  occupy  ourselves  here  with  the  means  of  testing  organic 
bodies  qualitatively. 


I.  QnAUTATiyE  EzAuniATioN  OF  Obgaihc  Bodibo. 

§172. 

It  is  not  necessary,  for  the  correct  selection  of  the  proper 
method,  to  know  all  the  elements  of  an  organic  compoond,  since, 
for  instance,  the  presence  or  absence  of  oxygen  makes  not  the 
slighest  difierence  to  the  method.  But  with  regard  to  other  ele- 
ments, such  as  nitrogen,  sulphur,  phosphoms,  chlorine,  iodine, 
bromine,  &c.,  and  also  the  various  metals,  it  is  abeolntely  iii(& 
pensable  that  the 'operator  should  know  positively  whether  either 
of  them  is  present.    This  may  be  ascertained  in  the  following 


1.  Testing  for  Niirogen. 
Substances  containing  a  tolerably  large   amount  of  nitn^n 
exhale  upon  combustion,  or  when  intensely  heated,  the  well-known 
emell  of  singed  hair  or  feathers.     No  further  test  is  required  if 
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tliis  sniell  is  distinctly  perceptible ;  otherwise  one  of  the  following 
experimeata  is  resorted  to ; 

a.  The  Bubetance  is  mixed  with  hydrate  of  potassa  in  powder 
or  with  sodarlime  (§  66,  4  or  5),  and  the  mixture  heated  in  a  test- 
tube.  If  the  substance  contains  nitrogen,  ammonia  will  be  evolved, 
which  may  be  readily  detected  by  its  odor  and  reaction,  and  by 
the  formation  of  white  fumea  witli  volatile  acids.  Should  theee 
reactions  fail  to  afford  positive  certainty,  every  doubt  may  be 
removed  by  the  following  experiment :  Heat  a  somewhat  larger 
portion  of  the  substance  in  a  short  tube,  with  an  excess  of  soda- 
lime,  and  conduct  the  products  of  the  combustion  into  dilute 
hydrochloric  acid ;  evaporate  the  acid  on  the  water-bath,  dissolve 
the  residue  in  a  little  water,  and  mix  the  solution  with  platinic 
chloride  and  alcohol.  Should  no  precipitate  form,  even  after  the 
lapee  of  some  time,  the  substance  may  be  considered  free  from 
nitrogen. 

h.  Lassaione  has  proposed  another  method,  which  is  based 
upon  the  property  of  potassium  to  form  potassium  cyanide  when 
ignited  with  a  nitrogenoos  organic  substance.  The  following  ia 
the  best  mode  of  performing  the  experiment : 

Heat  the  substance  under  examination,  in  a  test-tube,  with  a 
small  lump  of  potassium,  and  after  the  complete  combustion  of 
the  potassium,  treat  the  residue  with  a  little  water  (cautiously); 
filter  the  solution,  add  2  drops  of  solution  of  ferrous  sulphate  con- 
taining some  ferric  sulphate,  digest  the  mixture  a  short  time,  and 
add  hydrochloric  acid  in  excess.  The  formation  of  a  blue  or 
bluish-green  precipitate  or  coloration  proves  the  presence  of 
nitrogen. 

Both  methods  are  delicate :  a  is  the  more  commonly  employed, 
and  suffices  in  almost  all  cases ;  h  does  not  answer  so  well  in  the 
case  of  alkaloids  containing  oxygen  {e.g.  morphia,  brucia). 

G.  In  organic  substances  containing  oxides  of  nitrogen,  the 
presence  of  nitrogen  cannot  be  detected  with  certainty  by  either  a 
or  ft,  but  it  may  be  readily  discovered  by  heating  the  substance  in 
a  tube,  when  red  acid  fumes,  imparting  a  blue  tint  to  iodide  of 
Etarch  paper,  will  be  evolved,  accompanied  often  by  deflagration. 

2.   Testing  for  Sulphur. 

a.  Solid  substances  are  fused  with  about  12  parts  of  pure 
hydrate  of  potassa  and  6  parts  of  potafisinm  nitrate.     Or  they  are 
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intimatelj  mixed  with  eome  pure  potafi&iam  nitrate  and  Bodiom 
carbonate ;  potassium  nitrate  is  then  heated  to  fusion  in  a  porceliin 
crucible,  and  the  mixtora  gradually  added  to  the  fusing  mis. 
The  mass  is  allowed  to  cool,  then  dlsBolved  in  water,  and  the  Eola- 
tion tested  with  barinm  chloride,  after  acidifying  with  hjdio- 
chloric  acid. 

b.  Fluids  are  treated  with  fuming  nitric  acid,  or  with  a  miitnre 
of  nitric  aeid  and  potaeeium  chlorate,  at  first  in  the  cold,  fiuallj 
with  application  of  heat  j  the  solution  is  tested  as  in  <z. 

c.  As  the  methods  a  and  b  serve  simplj  to  indicate  the  preeenoe 
of  sulphnr  in  a  general  way,  but  afford  no  information  regarding 
the  state  or  form  in  which  that  element  may  be  present,  I  add 
here  another  method,  which  serves  to  detect  only  the  salphnr  in 
the  non-oxidized  state  in  organic  compounds. 

Boil  the  substance  with  strong  solution  of  potassa  and  ei^ 
orate  nearly  to  dryness.  Dissolve  the  residue  in  a  little  water,  and 
bring  the  solution  into  a  small  flask  provided  with  a  loosely-fitting 
stopper,  through  which  passes  a  funnel  tube  reaching  nearly  to  Hie 
bottom  of  the  flask.  Suspend  from  the  lower  snrface  of  tlie 
stopper  within  the  flask  a  strip  of  paper  dipped  first  in  leid 
acetate,  then  in  ammonium  carbonate  solution.  Add  slowly  dilute 
sulphuric  acid,  and  observe  whether  tlie  lead  paper  becomes  brown; 
or  test  the  first  alkaline  solution  by  means  of  a  polifihed  surface  of 
silver,  or  by  nitroprusside  of  sodiain,  or  by  just  atudifying  Uw 
dilute  solution  with  hydrochloric  acid,  and  adding  a  few  drops  of 
a  mixture  of  ferric  chloride  and  potassium  ferricyanide  (see  "  QuL 
Anal."  §  159). 

3.  Te^tiihgfor  J*ho8phoru8. 

The  methods  described  in  2,  a  and  J,  may  likewise  serve  for 
phosphorus.  The  solutions  obtained  are  tested  for  phosphoric  add 
with  magnesium  snlphate  or  chloride ;  or  with  ferric  chloride,  with 
addition  of  sodium  acetate;  or  with  solntion  of  molybdic  add 
(comp.  "Qual.  Anal.").  In  method  b,  the  greater  part  of  the 
excess  of  nitric  acid  uiuBt  first  be  removed  by  evaporation. 

4.  Testing  for  Inorganic  Svhstancet. 

A  portion  of  the  substance  is  heated  on  platinum  foil,  to  fee 
whether  or  not  a  residue  remains.  When  acting  upon  difficnltlv 
combustible  substances,  the  process  may  be  accelerated  by  heating 
the  spot  which  the  substance  occupies  on  the  platinum  foil  to  the 
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moBt  intense  redness,  by  directing  the  flame  of  the  blow-pipe  upon 
it  from  below.  The  ivssidue  is  then  examined  by  the  usual 
methuds.  That  volatile  metals  in  volatile  organic  compouni.'.ii 
— e.g.,  arsenic  in  kakodyl — cannot  be  detected  by  this  method 
need  hardly  be  mentioned. 

These  preliminary  experiments  should  never  be  omitted,  since 
neglect  in  tliis  respect  may  give  rise  to  very  gi-eat  errors.  Thus, 
for  instance,  taurin,  a  substance  in  which  a  large  proportion  of 
sulphur  was  afterwards  found  to  exist,  had  originally  the  formula 
C,N,H„0|,  assigned  to  it.  The  preliminary  examination  of  organic 
substances  for  chlorine,  bromine,  and  iodine  is  generally  unneces- 
sary, as  these  elements  do  not  occur  in  native  organic  compounds, 
and  as  tlieir  presence  in  compounds  artificially  prodneed  by  the 
action  of  the  halogens  requires  generally  no  further  proof.  Should 
it,  however,  be  desirable  to  ascertain  positively  whether  a  substance 
does  or  does  not  contain  chlorine,  iodine,  or  bromine,  this  may  be 
done  by  the  methods  given  §  1S8. 

II.  Detebhination  of  the  Elements  m  Obqanio  Bodies.* 


A.  Analysis  of  Compounds  which  cohbist  siuplt  of  Carbon 

and  Hydboobn,  OB  OF  Cakbon,  Htdbogen,  and  Oxygen. 

The  principle  of  the  method  which  serves  to  effect  the  quanti- 
tative analysis  of  such  compounds  is  exceedingly  simple.  The 
snbetance  is  burned  to  carbonic  acid  and  water ;  these  products  are 
separated  from  each  other  and  weighed,  and  the  carbon  of  the 
substance  is  calculated  from  tlie  weight  of  the  carbonic  acid,  the 
•  hydrogen  from  that  of  the  water.  If  the  snm  of  the  carbon  and 
hydrogen  is  equal  to  the  original  weight  of  the  substance,  the 
snbstance  contains  no  oxygen  ;  if  it  is  less  than  the  weight  of  the 
snbstance,  the  difference  expresses  the  amount  of  oxygen  present. 

The  combustion  is  effected  either  bj  igniting  the  organic  eub- 
etance  with  oxygenized  bodies  which  readily  part  with  their 
oxygen  (cupric  oxide,  lead  chromate,  &c.) ;  or  at  the  expeuse 
both  of  free  and  combined  oxygen. 

a.  SoLro  Bodies. 

*  [For  Prof.  Warren's  admirable  methods  we  must  refer  to  hu  original  papers 
in  Am.  Joorn.  Sci.,  3d  ser.,  toI.  S8,  p.  S87,  voL  41,  p.  40,  and  voL  42,  p.  IS6.] 
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C0MBD8TION    WITH    CuPKIC    OXTOE. 

ApptieaUe  (with  modification  described  in  §  176)  to  tian^vdaliU 
organic  compounds  not  containing  chlorine,  bromine,  iodtiw, 
alkali  metaU,  alkali-earth  m^tala,  nitrogen,  or  mdphvr. 

§174. 

I.    AppAKA-niB    AMD    PaBPABATIONS    BEQUIBED    FOB    THE   AMALtSK. 

1.  The  Subbtahoe. — This  moBt  be  most  finely  palverized  and 
perfectly  pure  and  dry ; — for  the  method  of  drying,  I  refer  to  §  26. 

2.  A  Tdbe  in  which  to  weigh  the  Sitbstance,  made  of  tUn 
glaae  about  20  cm.  long,  and  of  7  mm,  internal  diameter ;  one  end 
of  the  tube  is  closed  by  fusion  ;  the  other,  during  the  operation  of 
weighing,  is  stopped  with  a  smooth  cork. 

3.  The  Combl'stion  Tube.— A  tube  of  difficultly  fusible  glass 
(potassa  glass),  about  2  mm.  thick  in  the  gla^s,  80  to  90  cm.  in 
length,  and  from  12  to  14  mm.  inner  diameter,  is  softened  in  the 
middle  before  a  glass-blower's  lamp,  drawn  ont  as  represented  in 
fig.  71,  and  finally  apart  at  b.     The  fine  points  of  the  two  pieces 


\ 


are  then  sealed  and  thickened  a  little  in  the  flame,  and  the  sbup 
edges  of  the  open  ends,  a  and  e,  are  slightly  rounded  by  fufioii, 
cai-e  being  taken  to  leave  the  aperture  perfectly  round.  The 
posterior  part  of  the  tube  should  be  shaped  as  shown  in  fig.  1% 
and  not  as  in  fig.  73. 


Fio.  73.  Fio.  73. 

Two  perfect  combustion  tubes  are  thus  produced.  The  one 
intended  for  immediate  use  is  cleaned  with  linen  or  paper  attached 
to  a  piece  of  wire,  and  then  thoroughly  dried.  This  is  effected 
either  by  laying  the  tube,  with  u  piece  of  paper  twisted  over  it* 
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mouth,  for  gome  time  on  &  sand-bath,  with  occaeional  removal  of 
the  air  from  it  by  suction,  with  the  aid  of  a  glass  tube,  or  (rapidly) 
by  moving  the  tnbe  to  and  fro  over  the  flame  of  a  gas  or  spirit 
lamp,  heating  its  entire  length,  and  continually  removing  the  hot 
air  by  suction  through  the  small  glass  tube  (Fig.  74). 


i^ 


Fia.  74. 

The  combustion  tube,  when  quite  dry,  is  closed  air-tight  with 
a  cork,  and  kept  in  a  warm  place  until  required  for  use. 

In  default  of  glass  tubes  possessed  of  the  proper  degree  of 
infasibility,  thin  brass  or  copper  foil,  or  brass  gauze,  is  rolled 
round  tlie  tube,  and  iron  wire  coiled  round  it. 

4,  The  Potash  Bul3S  (fig.  76).— This  apparatus,  devised  by 
LiEBio,  is  filled  to  the  extent  indicated  in  the  engraving,  with  a 
clear  solution  of  caustic  potaesa  of  1'27 

sp.  gr.  (§  66,  7).  The  introduction  of 
the  solution  of  potassa  into  the  apparatus 
is  effected  by  plunging  the  tmd  a  into  a 
beaker  or  dish  into  which  a  little  of  the 
solution  lias  been  poured  out,  and  apply- 
ing suction  to  b,  by  means  of  a  caoutchouc 
tube.  The  two  ends  are  then  wiped  per- 
fectly di-y  with  twisted  slips  of  paper,' 
and  the  outside  of  tlio  iippai-atns  with  a 
clean  cloth.  ^^■'5. 

5,  The  Calcium  Chlobide  Tube  (fig.  76)  is  filled  in  the 
following  manner : — In  the  first  place,  the  neck  between  the  two 
bulbs  of  the  tube  is  loosely  stopped  with  a  small  cotton  plug ;  this 
is  effected  by  introducing  a  loose  cotton  plug  into  the  wide  tnbe, 
and  applying  a  sudden  and  energetic  suction  at  the  other  end. 
The  large  bnib  is  then  filled  with  lumps  of  calcium  chloride 
(§  66,  8,  a),  and  the  tube  with  smaller  fragments,  intermixed  with 
coarse  powder  of  the  same  substance ;  a  loose  cotton  plug  is  then 
inserted,  and  the  tube  finally  closed  with  a  perforated  cork,  into 
which  a  eanall  glass  tube  is  fitted  ;  the  protruding  part  of  the  cork 
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18  cut  oS,  and  the  cut  surface  covered  over  with  sealing-wu;  tk 
edge  of  the  little  tube  is  6lightly  rounded  by  fusion. 

In  using  this  tube  a  considerable  quantity  of  the  water  eon- 
densea  ia  the  empty  bulb  a,  and  at  the  close  of  the  esperimsii 
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may  be  poured  out.  The  operator  is  thus  enabled  to  test  it  u  to 
reaction,  &c.,  and  also  to  use  the  same  tube  far  oftener  withou 
fresh  filling  than  he  could  otherwise. 

6.  A  SuALL  Tube  of  Vulcanized  Iin)iA-BUBBEB. — This  nin>i 
be  60  narrow  that  it  can  only  be  pushed  with  difficulty  over  the 
tube  of  the  calcium  chloride  tube  on  the  one  hand,  and  over  the 
end  of  tlie  potash  bulbs  on  the  other  hand ;  in  which  case  titere  h 
DO  need  of  binding  with  silk  cord.  If  the  rubber  tube  should  be 
a  httle  too  wide,  it  must  be  tied  round  with  silk  cord,  or  mtl 
ignited  piano  wire.  It  is  self-evident  that  the  narrow  end  of  the 
calcium  chloride  tube  should  be  of  the  same  width  as  the  tube  a  of 
the  potash  bulbs.  The  india-rubber  tube  is  purified  from  m 
adherent  siilplmr,  and  dried  in  the  water-bath  previous  to  use. 

7.  CoaKS. — These  should  be  soft  and  smooth,  and  as  free 
as  poesible  from  visible  pores.  A  cork  shonld  be  selected  which, 
after  careful  squeezing,  fits  perfectly  tight,  and  screws  with  some 
dithculty  to  one-third  of  its  length,  at  the  most,  into  the  mouth  of 
the  combustion  tube;  a  perfectly  smooth  and  round  hole,  into 
which  the  end  h  of  the  chloride  of  calcium  tube  must  fit  perfectlj 
air-tight,  is  then  carefully  bored  through  the  axis  of  the  cork. 
The  cork  is  then  kept  for  an  hour  of  two  in  the  water-bath.  It  b 
advisable  always  to  have  two  corks  of  this  description  ready. 
Instead  of  ordinary  corks,  caoutchouc  stoppers  may  be  used  with 
great  advantage. 

8.  OxiDB  OF  Copper. — A  Hessian  crucible,  of  about  100  cc 
capacity,  is  nearly  filled  with  oxide  of  copper  prepared  as  directai 
in  §  66,  1 ;  the  crucible  is  covered  with  a  well-fitting  overlap- 
ping  lid,  and  heated  to  dull  redness  with  charcoal,  or  in  a  saitabte 
gas-furnace ;  it  is  then  allowed  to  cool,  so  that  by  the  time  the 
oxide  of  copper  is  required  for  use,  the  hand  can  only  jnst  bear 
contact  with  it. 
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9.  A  WIDE  GrLASB  Tdbe  Sealed  at  one  end,  or  a  Flabk  (fig.  77), 
in  wbicli  the  freshlj  ignited  oxide  of  copper  is  allowed  to  cool, 
and  from  which  it  is  traiiBferred  to  the  combustion  tube, 
eecnre  from  the  possible  absorption  of  moistore  from  the  air. 

The  freshly  ignited  and  still  quite  hot  oxide  of  copper 
is  transferred  direct  from  the  cmcible  to  this  filling  tube, 
or  flask,  which  is  then  closed  air-tight  with  a  cork.  It 
saves  time  to  fill  in  at  once  a  sufficient  quantity  of  oxide  to 
last  for  several  analyses.  If  the  cork  fits  tight,  the  con- 
tents will  remain  several  days  fit  for  use,  even  though  a  ^ 
portion  has  been  taken  out,  and  the  tube  repeatedly  opened.  ^'S-  ^■ 

10.  A  Mizrao  WiEB  of  copper  (fig.  78)  with  ring  at  one  end 


to  cool, 

1 
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for  a  handle  and  a  single  corkscrew  torn   at  the  other,  which 
should  taper  smoothly  to  a  point. 

11.  A  Combdbtion-Fdenacb. — 
Some  time  ago  the  only  one  used 
was  LiEBio's,  in  which  charcoal  is 
the  fuel.  Recently  gas  combustion 
furnaces  have  been  introduced  into 
^     ■  most  laboratories,  because  they  are 

more  cleanly  and  convenient. 

a.  Liebig's  combust  ion -furnace  is  of  sheet-iron.  It  has  the 
form  of  a  long  box,  open  at  the  top  and  behind.  It  serves  to  heat 
the  combustion  tube  with  red-hot  charcoal.  Fig,  79  represents  the 
famace  as  seen  from  the  top. 

It  is  from  50  to  60  cm.  long,  and  from  7  to  8  deep ;  the  bot- 
tom, which,  by  cutting  small  slits  in  the  sheet-iron,  is  converted 
into  a  grating,  lias  a  width  of  about  7  era.  The  side  walls  are 
inclined  slightly  outward,  so  that  at  the  top  they  stand  about  13 


w 
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cm.  apart.     A  series  of  upright  pieces  of  strong  sheet-iron,  having 
the  form  shown  in  D,  fig.  80,  and  riveted  on  the  bottom  of  the 
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furnace  at  intervals  of  about  5  cm.,  serves  to  Bnpport  the  com- 
bnetion  tube.  Thej  must  be  of  exactly  correBponding  height  irith 
the  round  aperture  in  the  front  piece  of  the  furnace  (fig.  80,  A). 

This  aperture  muBt  be  sufficient!)'  lai^  to  admit  the  com- 
l>iistion  tube  easily.  Of  the  two  screens  used,  one  has  the  fonn 
•hown  in  fig.  81,  the  other  is  a  single  plate  precieely  like 
the  end  piece  of  the  furnace  (fig.  79).  The  openings  cut  into  tbe 
screens  muet  be  sufficiently  large  to  receive  the  combustion  tabe 
without  difficulty.  The  furnace  ie  placed  upon  two  bricks  resting 
upon  a  fiat  surface,  and  is  slightly  raised  at  the  farther  end,  l>j 
inserting  a  piece  of  wood  between  the  supports  (see  fig.  84).  The 
apertures  of  the  grating  at  the  anterior  end  of  the  furnace  most 
not  be  blocked  up  by  the  supporting  bricks.  In  cases  where  the 
combuBtion  tubes  are  of  good  quality,  the  furnace  may  be  raised 
by  introducing  a  little  iron  rod  between  the  furnace  and  the 
supporting  brick.  Placing  the  tube  in  a  gutter  of  Bussia  sheet- 
iron  tends  greatly  to  preserve  it,  hut  contact  of  the  glass  and  iroD 
must  be  prevented  by  an  intervening  layer  of  asbestos. 

b.  Gas  combustion  fomacee  of  the  most  various  descriptioiis 
have  been  proposed. 

§176. 

n.    P£BF0SHASCE  OF  THE   AmALTTICAL  PROCESa. 

a.  Weigh  first  the  potash  apparatus,  then  the  calcium  chloride 
tnbe.  Introduce  about  0'35 — 0-6  grm.  of  the  substance  under 
examination  (more  or  less,  according  as  it  is  rich  or  poor  in 
oxygen)  into  the  weighing  tube,*  which  must  be  uo  longer  warm, 
and  weigh  the  latter  accurately  with  its  contents.  The  weight  of 
the  empty  tube  being  approximately  known,  it  is  easy  to  take  the 
right  quantity  of  substance  required  for  the  analysis.  Close  the 
tube  then  with  a  smooth  cork. 

b.  Tlie  filling  of  the  combustion  tube  is  effected  as  follows; 
The  perfectly  dry  tube  is  rinsed  with  some  oxide  of  copper; 
a  layer  of  oxide  of  copjwr,  about  13  cm.  long,  is  intnx'nced  into 
the  posterior  end  of  the  combustion  tube,  by  inserting  the  latter 
into  the  filling  tube  or  flask  containing  the  oxide  of  copper 

•  Care  must  be  taken  thnt  no  particles  of  the  sabstance  adhere  to  tbe  wdes  of 
the  tube,  at  least  not  at  the  top. 
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(fig.  82),  holding  both  tubes  in  an  oblique  direction,  and  giving  i 
few  gentle  tapa. 


Fig.  82. 

From  the  tube  containing  the  substance  remove  the  cork 
cantionsly,  to  prevent  the  slightest  Ioes  of  substance ;  insert  tlie 
open  end  of  the  tube  as  deep  as  possible  into  the  combustion  tube, 
and  pour  from  it  the  requisite  quantity  of  substance  by  giving  it 
a  few  turns,  pressing  the  rim  all  the  while  gently  against  the 
upper  side  of  the  combustion  tube,  to  prevent  its  coming  into 
contact  with  the  powder  already  poured  out ;  the  two  tubes  are,  in 
this  manipulation,  held  slightly  inclined  (see  fig.  88). 


PTg.  88. 

When  a  sufficient  quantity  of  the  substance  hag  been  thus 
transferred  from  the  weighing  to  the  combustion  tube,  the  latter 
la  restored  to  the  horizontal  position,  which  gives  to  the  former  a 
gentle  inclination  with  the  closed  end  downwards.  If  the  little 
tube  is  now  slowly  withdrawn,  with  a  few  turns,  the  powder  iieai' 
the  border  of  the  opening  falls  back  into  it,  leaving  the  opening 
free  for  the  cork.  The  tube  ie  then  immediately  corked  and 
weighed,  the  combustion  tnbe  also  being  meanwhile  kept  closed 
with  a  cork.  The  difference  between  the  two  weighings  sho^t-s 
the  quantity  of  substance  transferred  from  the  weighing  to  the 
combustion  tube.  The  latter  is  then  again  opened,  and  a  quantity 
of  oxide  of  copper,  equal  to  the  first,  transferred  to  it  from  the 
filling  tnbe,  or  fiaak,  taking  eare  to  rinae  down  with  tliis  the 
partJcles  of  the  sahstanoe  still  adhering  to  the  sides  of-  tha-  Uihe:- 
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There  is  now  in  tlio  liind  part  of  Uio  tube  a  layer  of  onde  of 
copper,  about  25  cm.  loug,  with  the  substance  in  the  middle. 

The  next  operation  is  the  mixing :  this  is  performed  with  the 
aid  of  the  wire  {fig.  78),  whieli  is  pushed  down  to  within  3  to  4 
cm.  of  the  end,  and  rapidly  moved  about  in  all  directions  until 
the  mixture  is  eoniplcto  and  uniform,  the  tube  being  held  nearly 
horizontal. 

Oxide  of  copper  is  then  poured  in  to  within  5  to  6  cm.  of  the 
open  end,  and  the  tube  is  corked. 

c.  A  few  gentle  taps  on  the  table  will  generally  Buffice  to  slmke 
togetlier  the  contents  of  the  tube,  so  as  to  completely  clear  tie 
tail  from  oxide  of  copper,  and  leave  a  free  passage  for  the  evolved 
gas  from  end  to  end.  Should  this  fail,  as  will  occaeionailf 
happen,  owing  to  malformation  of  the  tail,  the  object  in  view  may 
be  attained  by  striking  the  mouth  of  the  tube  several  times  against 
the  side  of  a  table. 

d.  Connect  the  end  h  (fig.  84)  of  the  weighed  calcium  chloride 
tube  with  the  combustion  tube  by  means  of  a  dried  perforated 
cork,  lay  the  furnace  upon  its  supports,  with  a  slight  inclination 
forward,  and  place  the  combustion  tube  in  it ;   connect  the  end 
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of  the  calcium  chloride  tube,  by  means  of  a  vrilcanized  india- 
rubber  tube,  with  the  end  m  of  the  potash  apparatus,  and,  if 
necessaiy,  secure  the  connection  with  silk  cord,  taking  care  to 
press  the  joint  of  the  two  thumbs  close  together  whilst  tightening 
the  cords,  since  otherwise,  should  one  of  the  cords  happen  to  give 
way,  the  whole  apparatus  might  be  broken.  Kest  the  potash 
apparatnsupon  a  folded  piece  of  cloth.  Fig.  84  shows  the  whole 
.  arrangement. 

e.  To  ascertain  whether  the  joinings  of  the  apparatus  fit  Iu^ 
ti^lit,  put  a  piece  of  wood  about  the  thickness  of  a  Bnger  {«\  ot  a 
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cork  or  other  body  of  the  kind,  under  the  bulb  r  of  the  potash 
apparatus,  bo  as  to  raise  tliat  bulb  slightly  (see  fig,  84).  Heat  the 
bnib  m,  by  holding  a  piece  of  red-hot  charcoal  near  it,  nntil  a 
certain  amontit  of  air  is  driven  out  of  the  apparatus ;  then  remove 
the  piece  of  wood  («),  and  allow  the  bnlb  m  to  cool.  The  solution 
of  potasea  will  now  rise  into  the  bulb  m,  filling  it  more  or  less;  if 
tlie  liquid  in  m  preserves,  for  the  space  of  a  few  minutes,  the 
same  level  which  it  has  assumed  after  the  perfect  cooling  of  the 
bulb,  the  joinings  may  be  considered  perfect ;  should  the  fiuid,  on 
the  other  hand,  gradually  regain  its  original  level  in  both  limbs  of 
the  apparatOB,  this  is  a  positive  proof  that  the  joinings  are  not  air- 
tiglit.  (The  few  minutes  which  elapse  between  the  two  observa- 
tions may  be  advantageously  employed  in  reweighing  the  little 
tube  in  which  the  substance  intended  for  analysis  was  originally 
weighed.) 

y.  Let  the  mouth  of  the  combustion  tube  project  a  full  inch 
beyond  the  furnace ;  suspend  the  single  screen  over  the  anterior 
end  of  the  furnace,  as  a  protection  to  the  cork ;  pnt  the  donble 
screen  over  the  combustion  tube  about  two  inches  farther  on  (see 
fig.  84),  replace  the  little  piece  of  wood  {a)  under  r,  and  put  small 
pieces  of  red-hot  charcoal  first  under  that  portion  of  the  tube 
which  is  separated  by  the  screen ;  surround  this  portion  gradually 
altogether  with  ignited  charcoal,  and  let  it  get  red-hot ;  then  shift 
the  screen  an  inch  farther  back,  surround  the  newly  exposed 
portion  of  tlie  tube  also  with  ignited  cliarcoal,  and  let  it  get  red- 
liot ;  and  proceed  in  this  manner  slowly  and  gradually  extending 
the  application  of  heat  to  the  tail  of  the  tube,  taking  care  to  wait 
always  nntil  the  last  exposed  portion  is  red-hot  before  shifting  the 
screen,  and  also  to  maintain  the  whole  of  the  exposed  portion  of 
the  tnbe  before  the  screen  in  a  state  of  ignition,  and  the  projecting 
part  of  it  so  hot  that  the  fingers  can  hardly  bear  the  shortest  con- 
tact with  it.  The  whole  process  requires  generally  from  i  to  1  hour. 
It  IS  quite  superfluous,  and  even  injudicious,  to  fan  the  charcoal 
constantly ;  this  should  be  done  however  when  the  process  is  draw- 
ing to  an  end,  as  we  sliall  immediately  have  occasion  to  notice. 

The  liquid  in  the  potash  bnlbs  is  gradually  displaced  from  the 
bulb  m  upon  the  application  of  heat  to  the  anterior  portion  of  the 
combustion  tube,  owing  simply  to  the  expansion  of  the  heated  air. 
The  evolution  of  gas  proceeds  with  greater  briskness  when  the 
heat  begins  to  reach  the  actual  mixture;  the  first  bubbles  are  only 
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partly  absorbed,  as  the  carbonic  acid  coataine  still  an  adinixtare  of 

air ;  but  those  which  follow  are  bo  completely  absorbed  by  the 

potaeea,  that  a  solitary  air-bubble  only  escapes  from  time  to  time 

through  the  liquid.     The  process  shonld  be 

conducted  in  a  manner  to  tnake  the  {ps- 

bubbles  follow  each  other  at  intervals  of 

from  4  to  1   second.      Fig.  85  shows  the 

^proper  position  of  the  potash  bnlbe  during 

the  operation. 

It  will  be  seen   from  this  that  an  ur- 

bubble  entering  through  m  passes  first  into 

the  bulb  h,  thence  to  c,  from  c  to  d,  snd 

__  passing  over  the    solntion    in   the  latter, 

escapes  finally  into  the  bulb  _/",  through  the 

fluid  which  just  covers  the  mouth  of  the  tnl>e  e. 

g.  When  the  tube  is  in  its  whole  length  snrrounded  with  red- 
hot  charcoal,  and  the  evolution  of  gas  has  I'elaxed,  fan  the  bumiDg 
charcoal  gently  with  a  piece  of  pasteboard.  When  the  evolution  of 
gas  has  entirely  ceased,  adjust  the  position  of  the  potash  bulbs  to  a 
level,  remove  the  charcoal  from  the  farther  end  of  the  tube,  and 
place  the  screen  before  the  tail.  The  ensuing  cooling  of  the  tube 
on  the  one  hand,  and  the  absorption  of  the  carbonic  acid  in  the 
potash  bulbs  on  the  other,  cause  the  solution  of  potassa  in  the 
latter  to  recede,  slowly  at  first,  but  with  increased  rapidity  from 
the  moment  the  liquid  reaches  the  bulb  m-.  (If  you  have  taken 
care  to  adjust  the  position  of  the  potash  bnlbs  correctly,  you  need 
not  fear  that  the  contents  of  the  latter  will  recede  to  the  calcinm 
chloride  tube.)  When  the  bulb  m  is  about  half  filled  with  solntion 
of  potassa,  break  off  the  point  of  the  combustion  tube  with  a  pair 
of  pliers  or  scissors,  whereupon  the  fluid  in  the  potash  bulbs  will 
immediately  resume  its  level.  Restore  the  potasli  bulbs  now  again 
to  their  original  oblique  position,  join  a  caoutchouc  tube  to  the 
potash  bulbs,  and  slowly  apply  suction  imtil  the  last  bnbbles  no 
longer  diminish  in  size  in  passing  through  the  latter.  It  is  better 
to  employ  a  small  aspirator  instead  of  sucking  with  the  month. 
Ton  then  know  the  volume  of  air  that  has  passed  through  the 
apparatus. 

This  terminates  the  analytical  process.  Disconnect  flie  pot- 
ash bulbs  and  remove  the  calcium  chloride  tube,  together  with 
the  cork,  which  most  not  be  charred,  from  the  combustion  tabe; 
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remove  tLe  cork  aJao  from  tlie  calcium  diloride  tube,  and  place  tite 
latter  upright,  with  the  bnlb  npwarde.  After  tlie  kpee  of  half  an 
hour,  weigh  the  potaeh  balbe  and  the  calcium  chloride  tube,  and 
then  calcnlate  the  results  obtained.  They  are  generally  very  satis- 
factory. As  regards  the  carbon,  they  are  rather  somewhat  too  low 
(aboQt  O'l  per  cent.)  than  too  high.  The  carbon  determination, 
indeed,  is  not  free  from  sources  of  error ;  but  none  of  these  inter- 
fere materially  with  the  accuracy  of  the  results,  and  the  deficiency 
arising  from  the  one  is  partially  balanced  by  the  excess  arising 
from  the  other.  In  the  tirst  place,  the  air  which  paBSCS  through 
the  solution  of  potaasa  during  tlie  combustion,  and  finally  during 
the  process  of  aspiration,  carries  away  with  it  a  minute  amount  of 
moisture.  The  loss  arising  from  this  cause  is  increased  if  the 
evolution  of  gas  proceeds  very  briskly,  since  this  tends  to  heat  the 
solution  of  potassa ;  and  also  if  nitrogen  or  oxygen  passes  through 
the  potash  bulbs  (compare  §  176  and  §  178).  This  may  be 
remedied,  however,  by  fixing  to  the  exit  end  of  the  latter  a  tnbe, 
either  straight  or  U-formed  (see  fig.  86  or  fig.  60);  the  tube 
may  be  filled  with  small  fragments  of  potassa,  or  one-half  may  be 
filled  with  soda  lime  (§  66,  4)  and  the  other  half  with  calcium 
chloride,  the  end  containing  soda  lime  being  connected  to  the 
potash  apparatus,  which  is  always  weighed  along  with  the  appended 
tnbe.  In  the  second  place,  traces  of  carbonic  acid  from  the 
atmosphere  are  carried  into  the  potash  apparatus  during  the  final 
aspiration ;  this  may  be  avoided  by  connecting  the  tail  of  the  com- 
bustion tnbe  during  the  aspiration  with  a  tube  filled  with  potassa 
crushed  to  small  lumps,  by  means  of  a  flexible  tube.  In  the  third 
place,  it  may  happen  in  the  analysis  of  substances  containing  a 
considerable  proportion  of  water  or  hydrogen,  that  the  carbonic 
acid  is  not  completely  dried  in  passing  through  the  calcium 
chloride;  this  may  be  avoided  by  nsing  instead  of  the  calcinm 
chloride  tnbe,  or  in  conjunction  with  it,  a  U-tube  filled  with  frag- 
ments of  pumice  stone  and  H,SO,;  but  usually  a  calcium  cliloride 
tube,  if  filled  for  about  12  e.c.  of  its  length  with  not  too  coarsely 
l^nnlated  calcium  chloride,  will  snfiice,  provided  the  combustion 
is  not  pnehed  too  rapidly.  Finally,  if  the  mixture  was  not  suffi- 
ciently intimate,  traces  of  carbon  will  remain  unconsnmed.  It  is 
therefore  better  to  complete  the  combustion  in  oxygen  gas.  See 
below. 
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[Completion  of  the  Comhuation  hy  Oxygen  Gas.  To  ineere  the 
oxidation  of  tlie  last  traces  of  carbon  and  to  leave  the  oxide  of 
copper  ready  for  use  again,  it  is  advisable  to  finish  the  combustion 
in  a  stream  of  oxygen.  For  thia  purpose  the  tail  of  the  combns- 
tion  tnbe  must  be  made  rather  Btont  and  long.  When  the  potash- 
lye  recedes,  slip  tightly  over  the  suitably  cooled  tail  a  eaontchonc 
tube  connected  with  a-sonrce  of  pure  and  dry  oxygen  gas,  nip  off 
the  tip  within  this  tnbe  by  help  of  a  pliers,  and  caationsly  let  on 
the  o:^ygen  until  the  reduced  copper  is  oxidized  and  the  gae 
traverses  the  potash  bulbs.  Then  replace  the  stream  of  oxygen  by 
one  of  pure  and  dry  air,  to  remove  all  oxygen  from  the  bnlbe. 
To  prevent  loss  by  evaporation  from  the  potash-lye,  append  to  the 
potash  bulb  the  additional  absorbing  apparatus  above  mentioned 
(in  §  175). 

The  oxygen  and  pnrified  air  are  supplied  as  in  the  prooes 
described  in  §  178.] 

Combustion  with  Lead  Chbouate,  ob  wrrn  Lead  Chboiute 

ASD   FUTASSIITM   DlCHBOUATE. 

§177. 

Tliis  is  not  only  a  good  method  for  the  analysis  of  coinpOTin(k 
mentioned  in  §  174,  hut  is  especially  resorted  to  in  the  analysiaof 
salts  of  organic  acids  with  alkalies  or  alkali-earth  metals  (aa  the 
chromic  acid  completely  displaces  carbonic  acid  from  their  nu- 
bonatcs),  and  of  bodies  containing  sulphnr,  chlorine,  bromine,  or 
iodine,  and  also  for  the  combustion  of  snbstances  containing  cartKHi 
in  a  difficultly  oxidizable  form — e.g.,  graphite. 

Of  the  apparatus,  &c.,  enumerated  in  §  174,  all  are  reqnired 
except  oxide  of  copper,  which  is  here  j-eplaced  by  lead  chromite 
(^  66,  2),  A  narrow  combustion  tube  may  be  selected,  as  lead 
chroniate  contains  a  much  larger  amonnt  of  available  oxygen  in  ui 
equal  volume  than  oxide  of  copper.  A  quantity  of  the  chromate, 
more  than  sufficient  to  fill  the  combustion  tube,  is  heated  in  a 
platinum  or  porcelain  dish  over  a  gas  or  Beezslius  lamp,  until  it 
begins  to  turn  brown;  before  filling  it  into  the  tnbe,  it  is  sllowwi 
to  cool  down  to  100" ;  and  even  below.  Tlio  process  is  condncted 
ae  the  one  described  in  §  174. 
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If  the  sabetance  analyzed  contains  a  large  proportion  of  enlpliar, 
use  a  rather  long  conibaBtion  tnbe  (60-70  cm.)  and  place  in  front 
of  the  mixtnre  10-20  cm,  pure  lead  chroniate,  wliich  should  be 
kept  only  at  a  dull  red  heat  during  the  combustion  (Caeius). 

One  of  the  principal  advantages  which  lead  chromate  has  over 
oxide  of  copper  as  an  oxidizing  agent  being  its  property  of  fusing 
at  a  high  heat,  the  temperature  must,  in  the  last  stage  of  the 
process  of  combustion,  be  raised  (by  fanning  the  charcoal,  Ac.) 
sufficiently  high  to  fuse  the  contents  of  the  tube  completely,  as  far 
as  the  substance  extends.  To  heat  the  anterior  end  of  the  tube 
to  the  same  degree  of  intensity  would  be  injudicious,  since  the 
lead  chromate  in  tliat  part  would  thereby  lose  all  porosity,  and 
thus  also  the  power  of  eflEecting  the  combustion  of  the  products  of 
decomposition  which  may  have  escaped  oxidation  in  the  other  ' 
parts  of  the  tube. 

As  the  lead  chromate,  even  in  powder,  is,  on  account  of  its 
density,  by  no  means  all  that  could  be  desired  in  this  latter  respect, 
it  is  preferable  to  fill  the  anterior  part  of  the  tube,  instead  of  with 
lead  chromate,  with  coarsely  pulverized  strongly  ignited  oxide  of 
copper,  or  with  copper  turnings  which  have  been  superficially  oxid- 
ized by  ignition  in  a  muffle  or  in  a  crucible  with  access  of  air. 

In  the  case  of  very  difficultly  combustible  substances — e.g.y 
graphite — it  is  desirable  that  the  mass  should  not  only  readily 
cake,  but  also,  in  the  last  stage  of  the  process,  give  out  a  little 
more  oxygen  than  is  given  out  by  lead  chromate.  It  is  therefore 
advisable  in  such  cases  to  add  to  the  latter  one-eighth  of  its  weight 
of  fused  and  powdered  potassium  dichromate.  With  the  aid  of 
this  addition,  complete  oxidation  of  even  very  difficultly  com- 
bostible  bodies  may  be  efEected  (Liebiq). 


COHBOBTIOS  WITH    OziDBi  OF   CoPPEB   TS    A    StEEAM   OF 

Oxygen  Gab. 

§17S. 

Many  chemists  effect  combustion  with  oxide  of  copper  in  a 
stream  of  oxygen  supplied  by  a  gasometer.  The  methods  based 
upon  this  principle  are  employed  not  only  for  the  analysis  of 
difficultly  combustible  bodies,  but  also  to  effect  the  determination 
of  the  carbon  and  hydrogen  in  organic  substances  in  general. 
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Tbeee  methods  require  a  gafiometer  £lled  witli  oxygen,  ai 
another  with  air,  together  with  certain  arnrngementB  to  diy  the 
oxygen  and  air  completely,  and  to  free  them  from  carbonic  acii 
They  are  resorted  to  in  cases  where  a  namber  of  ultimate  analyses 
have  to  be  mado  in  BDccession ;  and  also  more  particnlarly  in  the 
analysis  of  siibBtancee  wliich  cannot  be  reduced  to  powder,  and  do 
not  admit  therefore  of  intimate  mixture  with  oxide  of  copper,  &c 

The  heating  may  be  effected  with  the  charcoal  combDEtioo 
furnace,  but  a  gas  furnace  is  most  convenient. 

Fig.  86  ropreeenta  the  manner  in  which  the  several  requisite 
pieces  of  apparatus  are  arranged  and  connected.  The  combnaion 
tube  rests  in  a  gutter  of  sheet  iron,  but  the  glaes  is  kept  fnini 
contact  with  the  metal  by  a  layer  of  asbestos.  It  ia  well  to  Becure 
the  tube  to  the  gutter  by  binding  it  with  copper  wire.  At  its 
anterior  end  the  combustion  tube  is  connected  in  the  usual  manner 
with  the  absorbing  apparatus,  consisting  of  a  calcium  chloride  tube, 
potash  bulb,  and  additional  absorbing  tube.  To  the  latter,  which 
is  prepared  as  described  in  §  175,  p.  619,  must  also  be  attached  an 
anweighed  calcium  chloride  tube  to  prevent  moist  air  from  enter- 
ing during  the  process.  B  is  a  bell  jar  standing  in  open  \esfe\. 
By  opening  the  stop-cock  in  the  tube  which  enters  the  top  of  the 
bell  jar,  the  pressure  within  the  combustion  tube  caused  by  the 
liquid  in  the  potash  bulb  may  be  removed ;  provided  the  water 
levels  within  and  without  the  bell  are  properly  adjusted.  (Thi* 
arrangement  for  relieving  the  pressure  within  the  combustiuD 
tube  is,  liowever,  usually  quite  unnecessary.)  It  is  hardly  neccr 
sary  to  state  that  any  or  even  all  of  the  several  parts  of  the 
apparatus  here  represented  may  he  replaced  by  other  forms.  An 
Eelkmmeyer  combustion  furnace  80  cm.  long,  with  25  bumerE,  is 
quite  satisfactory.  Many  forms  of  apparatus  have  been  devised 
for  drying  and  purifying  the  air  and  oxygen  which  are  osed  io  the 
process.  Fig.  87  shows  one  which  is  durable  and  efficient.  The 
bulb  tube  entering  the  bottle  d  is  connected  with  the  gasometer  by 
means  of  a  rubber  tube.  The  bottle  d  is  half  filled  with  coneeit- 
trated  sulphuric  acid,  through  which  the  gas  or  air  passes  in 
bubbles  and  enters  the  bottom  of  the  eyhnder  c.  The  lower  Iialf 
of  this  cylinder  is  filled  with  fragments  of  fused  potash ;  the  upper 
half  with  calcium  cldoride,  wliicli  is  separated  from  the  potash  byi 
layer  of  asbefitos.  Glass  tubes  provided  with  glass  stopcocks  enter 
top  of  each  cylinder  through  rubber  stoppers,  and  are  connected 


by  Google 


§  178.]  OEGANIC  ANALYSIS,  828 

by  meanfl  of  strong  rubber  tabes  to  the  two  limbs  of  the  forked 
tube  b,  BO  that  a  regulated  current  of  either  air  or  oxygen  can  be 
made  to  enter  the  combustion  tube  through  a  at  will. 

In  carrying  out  the  process,  the  substance  to  be  analyzed  may 
be  mixed  directly  with  the  oxide  of  copper,  or  it  may  be  placed  in 
a  porcelain  or  platinum  tray  and  kept  out  of  contact  with  tlie 
oxide.  The  latter  mode  of  proceeding  affords  an  opportunity  for 
obtaining  inorganic  c^nstituouts — e.g.,  ashes  in  coal — at  the  same 
time,  and  for  this  and  other  reasons  is  ofteneet  preferable,  and  will 
be  first  described  under  a. 

a.  Comhnstion  in  a  platinum  or  pr/rcelain  tray.  The  combus- 
tion tube  should  be  about  85  cm.  in  length  and  open  at  botli  ends. 
Fix  a  plug  of  asbestos,  or  better  fine  copper  gauze,  at  a  point  40 
cm.  from  the  rear  end  of  the  tube,  and  fill  with  coarsely  granulated 
oxide  of  copper  up  to  within  16  cm.  of  the  front  end,  and  secure 
the  oxide  in  place  by  another  plug  of  copper  gauze,  thus  leaving 
about  15  cm.  at  the  front  end  free.  Into  this  space,  a  roll  of 
copper  gauze,  8  to  10  cm.  long,  is  pushed  up  to  the  oxide.  This 
copper  roll  should  be  in  the  metallic  state  if  the  substance  to  be 
analyzed  contains  nitrogen,  chlorine,  or  bromine ;  otherwise  it 
should  previously  be  superficially  oxidized  by  passing  air  or 
oxygen  over  it  in  a  tube  at  a  red  heat.  Provide  another  similar 
copper  roll  (metallic  for  all  cases)  to  be  placed  behind  the  tray 
containing  the  substance,  next  connect  an  unweighed  calcium 
chloride  tube  to  the  front  end  of  the  combustion  tube,  and  fit  a 
c-ork  or  rubber  stopper,  throngh  which  passes  a  small  strong  glass 
tube,  closely  into  the  rear  end. 

Now,  in  order  to  thoroughly  expel  all  hygroscopic  moisture 
from  the  copper  rolls  and  the  oxide,  place  the  combustion  tube  in 
the  furnace,  and  connect  the  tube  inserted  in  the  rear  end  with  the 
tube  a,  fig.  87,  of  the  drying  and  purifying  apparatus,  which  must 
stand  at  the  end  of  the  furnace  connected  with  two  gasometers, 
one  holding  air,  the  other  oxygen  prepared  as  directed  in  §  66,  8. 
The  contents  of  the  tube  are  then  brought  graduwlly  to  a  dull  red 
heat,  while  a  slow  current  of  dry  air  is  passed  through  it.  Next, 
after  allowing  the  whole  to  cool,  remove  tlie  stopper  from  the  rear 
end,  draw  out  the  copper  roll  with  a  piece  of  wire,  introduce  the 
weighed  substance  in  a  tray,  pushing  it  nearly  up  to  the  oxide, 
replace  immediately  the  copper  roll,  leaving  it  midway  between  the 
tray  and  the  end  of  the  tube,  replace  also  without  delay  the 
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stopper,  and  connect  as  before  with  the  drying  apparatus.  The 
DDweighed  calcium  chloride  tabe  is  now  removed  from  the  front 
end  of  the  combuBtion  tnbe,  and  the  weighed  absorbing  apparatus 
is  attached.  All  being  thna  made  ready,  with  stopcocks  both  for 
air  and  oxygen  closed,  heat  the  front  roll  of  copper  and  oxide  of 
copper,  so  far  as  possible  withont  affecting  the  substance  in  the 
tray,  and  also  the  rear  copper  roll,  all  to  dull  redness.  Then  torn 
on  a  very  slow  current  of  oxygen  and  commence  cautiously  to  heat 
the  tray.  The  oxygen  is  not  designed  to  aid  the  cpmbnstiou  at  this 


Pig.  87. 

stage :  it  is  taken  up  by  the  metallic  copper;  but  serves  to  prevent 
products  of  distillation  from  receding  and  being  deposited  in  the 
end  of  the  tube.  The  he-at  which  the  enbatance  itself  will  bear,  or 
the  rate  at  which  the  heat  may  be  increased,  depends  upon  its 
volatility,  and  is  beet  regulated  by  observing  the  rate  at  which  gas 
bubbles  enter  the  first  bulb  of  the  potash  apparatus.  When  the 
evolntion  of  gas  is  much  diminished  and  only  fixed  carbon  remains 
in  the  tray,  the  rear  copper  roll  is  allowed  to  cool,  and  the  com- 
bustion is  completed  by  increasing  the  current  of  oxygen.  Wlien 
this  is  effected,  and  it  is  observed  that  the  greater  part  of.  the 
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reduced  copper  before  tlie  tray  has  been  reoxidized,  ehnt  oft  the 
oxvfjen  and  snpply  instead  a  cnrrent  of  air  until  the  oxTgen  is 
expL'lled  from  the  appanitus.  The  operation  is  now  at  au  ^1 
The  Btopcock  admitting  air  is  shut,  and  the  furnace  alloweij  Xoeod. 

Several  combustions  can  usually  be  made  in  the  same  tube  bv 
this  method.  If  the  rear  roll  of  copper  becomes  too  muchoiidued 
by  repeated  use,  it  may  be  reduced  to  the  metallic  state  by  beating 
in  a  current  of  hydrogen.  The  oxide  of  copper  and  tiie  front 
copper  roll  will  remain  in  order,  unless  it  is  desired  to  have  the 
front  roll  in  the  metallic  state  for  substances  containing  nitrc^ 
&c.,  in  which  case  it  may  also  be  deoxidized  by  hydrogen.  If  one 
combustion  is  to  be  made  immediately  after  another  in  tlie  Eame 
tube,  the  preliminary  heating  to  expel  hygroscopic  moistiire  is,  oi 
course,  uimeceasary. 

i.  Combustion  of  the  substance  mixed  vnth  oxide  of  eoppir. 
The  combustion  tube  is  prepared  and  ignited  to  expel  hygrosfofM 
moisture  from  its  contents  as  above  described  in  a,  in  all  particnhn 
except  the  following :  It  may  be  somewhat  shorter — the  rear  copper 
roll  is  omitted,  a  few  cm.  of  the  rear  portion  of  the  copper  oxidt 
should  be  in  a  fine  state  of  division  instead  of  coarsrfy  grannlated 
After  the  preliminary  ignition  and  sufficient  cooling,  the  tube  is 
taken  from  the  furnace,  and  the  substance  is  introdnced  from  tbe 
long  narrow  tube  in  which  it  has  been  weighed,  and  quickly  miied 
with  the  oxide  by  means  of  a  copper  wire  with  twisted  end  («« 
fig.  78,  §  174) ;  next,  withont  delay,  oxide  of  copper  which  li* 
been  ignited  and  cooled  in  a  tube  or  flask  (see  fig.  77,  g  174}  is 
poured  into  the  rear  end  of  the  tnbe — enough  to  occupy  about  1! 
cm.  in  length  of  the  space  behind  the  mixture — while  abont  id 
.equal  space  at  the  very  end  should  remain  empty.  A  few  gentle 
taps  on  the  table  by  the  tube  in  a  horizontal  position  will  serve  to 
shake  the  contents  down  a  little,  so  as  to  leave  a  narrow  dear 
passage  above.  The  tube  is  now  laid  in  the  furnace,  the  unwei^ied 
calcium  chloride  tube  is  removed  from  the  front  end,  the  proper 
absorbing  apparatus  is  attached,  connection  of  the  after-end  vitli 
the  drying  and  purifying  apparatus  is  made,  and  finally  the  whole 
remaining  part  of  the  process  is  conducted  as  directed  above  iQa> 
except  that  a  very  slow  stream  of  oxygen  maybe  used  at  an  earlier 
stage  of  the  process,  or  at  least  before  signs  of  moisture  or  receding 
gases  appear  in  Ihe  empty  space  at  the  rear  end  of  the  ocHnboBtii» 
.taba 


by  Google 


§  180.]  OEGANIC   ANALYSIS.  627 

The  combnstion  tube  may  be  used  a  secoDd  time,  or  so  long  as 
it  remainB  uninjured,  removing  the  fine  oxide  of  copper  from  the 
after-Dart  with  a  wire  each  time,  and  allowing  the  granulated  to 


YolaiUe  Substances,  or  Bodies  underg<ying  Alteration  at 
100°  {losing  Water,  for  instance). 

§  1T9. 
The  process  is  conducted  either  according  to 
§  174,  or  as  directed  §  178.     Ignited  chromate  of 
lead,  cooled  in  a  closed  tube,  may  also  be  em- 
ployed as  oxidizing  agent. 

h.  Fluid  BoDtse. 

a.  Volatile  Uguida  (e.g.,  ethereal  oils,  alco- 
hol, etc.). 

§180. 

1.  The  analysis  of  organic  volatile  fluids  re- 
quires the  objects  enumerated  in  §  174.  The 
combuBtioD  tube  should  be  somewhat  longer  than 
there  mentioned ;  it  should  have  a  lengtii  of  50 
or  60  cm.,  according  as  the  substance  is  lees  or 
more  volatile.  The  procees  requires  besides  sev- 
eral small  glass  bulbs  for  the  reception  of  the 
liquid  to  be  analyzed.  These  bulbs  are  made  in 
the  following  manner : 

A  glass  tube,  about  30  cm.  long  and  about  8 
mm.  wide,  is  drawn  out  as  shown  in  fig.  88,  fused 
oS  at  d,  and  A  expanded  into  a  bulb,  as  shown 
in  fig.  89.  The  bulbed  part  ib  then  cut  off  at  >3.  ^^-  ^' 
Another  bulb  is  then  made  in  the  same  way,  and  a  third 
and  fourth,  &c.,  as  long  as  sufficient  length  of  tube  is 
left  to  secure  the  bulb  from  being  reached  by  the  moist- 
ure of  the  month. 

Two  of  these  bulbs  are  accurately  weighed ;  they  are 
then  filled  with  the  liquid  to  be  analyzed,  closed  by 
Tig.  88.  f  ogiou,  and  weighed  again.  The  filling  is  effected  by 
slightly  heating  the  bulb  over  a  lamp  and  immersing  the  point 
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into  the  liquid  to  be  analyzed,  part  of  wbicli  will  now,  upon  cool- 
ing, enter  the  bnlb.    If  the  fluid  is  highly  volatile,  the  portion 
entering  the  Btill  warm  bulb  is  converted  into  vapor,  which  expels 
the  fluid  again ;  but  the  moment  the  vapor  is  recondensed,  the 
balb  fills  the  more  completely.    If  the  liquid  is  of  a  less  volatile 
nature,  a  small  portion  only  will  enter  at  first ;  in  SQch  cases  the 
bulb  is  heated  again,  to  convert  what  has  entered  into  vapor,  and 
the  point  is  then  again  immersed  into  the  fluid,  which  will  now 
readily  enter  and  fill  the  bulb.     The  excess  of  fluid  is  ejected  irom 
the  neck  of  the  little  tube  by  a  sudden  jerk ;  the  point  of  the 
capillary  neck  is  then  sealed  in  the  blowpipe  flame.     The  combus- 
tion tube  is  now  prepared  for  the  process  by  introducing  into  it 
from  the  filling-tube  or  flask  (§  174)  a  layer  of  oxide  of  copper 
occupying  about  6  cm.  in  length.     The  middle  of  the  neck  of  cme 
of  the  bnlbs  is  slightly  scratched  with  a  file,  the  pointed  end  is 
quickly  broken  off,  and  the  bnlb  and  end  are  dropped  into  the 
combustion  tube  (see  flg.  90).     Another  layer  of  oxide  of  copper, 
about  6-^9  cm.  long,  is  then  filled  in,  and  the  other 
bulb  introduced  in  the  same  manner  as  the  first 
The  tube  is  finally  nearly  filled  with  oxide  of  cop- 
per.   A  few  gentle  taps  upon  the  table  suffice  to 
clear  a  free  passage  for  the  gasee  evolved.    (It  is 
advisable  to  place  in  the  anterior  half  of  the  com- 
bustion tube  small  lumps  of  oxide  of  copper  [comp. 
§  66,  1],  or  superficially  oxidized  copper  turnings, 
which  will  permit  the  free  passage  of  the  gases, 
even  with  a  narrow  diannel,  or  no  cliannel  at  all ; 
since  with  a  wide  channel  there  is  the  risk  of  vapore 
passing  unconsumed  through  the  tube.) 

The  combustion  of   highly   volatile  substances 
demands  great  care,  and  requires  certain  modifica- 
tions of  the  common  method.     The  operation  com- 
mences by  heating  to  redness  the  anterior  half  of 
*  the   tube,  which  is  separated   from  the  rest  by  a 

screen,  or  in  the  case  of  highly  volatile  substances,  by  two  screens; 
ignited  charcoal  is  then  placed  behind  the  tube  to  heat  the  tail 
and  prevent  the  condensation  of  vapor  in  that  part.  A  piece  of 
red-hot  charcoal  is  now  applied  to  that  part  of  the  tube  which  is 
occupied  by  the  first  bulb ;  this  causes  the  effiujc  and  evaporation 
of  the  coDbents  of  the  latter ;  the  vapor  passing  over  the  oxide  of 
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copper  eoffers  combustion,  and  thus  the  e^olation  of  gas  com- 
mences, wiiich  is  then  maintained  by  heating  very  gradnaUj  the 
first,  and  after  this  the  second  bnib ;  it  is  better  to  conduct  the 
operation  too  slowly  than  too  quickly.  Sadden  heating  of  the 
bulbs  wonld  at  once  eaose  such  an  impetnous  msh  of  gas  as  to 
eject  the  fluid  from  the  potash  bnlbe.  The  tabe  is  finally  in  its 
entire  len^h  surrounded  with  ignited  charcoal,  and  the  rest  of  the 
operation  conducted  in  the  usual  way.  If  the  air  drawn  throngh 
the  apparatus  tastes  of  the  an^yzed  snbstance,  this  ifi  a  sure  sign 
that  complete  combnstion  has  not  been  effected. 

2.  In  the  combnstion  of  liquids  of  high  boiling  point  and 
abounding  in  carbon,  e.gi.,  ethereal  oils,  nnconsnmed  carbon  is  apt 
to  deposit  on  the  completely  reduced  copper  near  the  substance ; 
it  is  therefore  adrisable  to  distribute  the  qnautity  iutended  for 
analysis  (about  O'l  grm.)  in  3  bulbs,  separated  from  each  other  in 
the  tnbe  by  layers  of  oxide  o£  copper. 

3.  In  the  combnstion  of  less  volatile  liquids,  it  is  advisable  to 
empty  the  bulbs  of  their  contents  before  the  combnstion  begins : 
this  is  effected  by  connecting  the  filled  tube  with  an  exhausting 
syringe,  and  rarefying  the  air  in  the  tube  by  a  single  pull  of  the 
handle ;  this  will  suffice  to  expand  the  air-bnbble  in  each  bulb  suf- 
ficiently to  eject  the  oily  liquid  from  it,  which  is  then  absorbed  by 
the  oxide  of  copper. 

4.  If  there  is  reason  to  apprehend  that  the  oxide  of  copper 
may  not  suffice  to  effect  the  complete  combustion  of  the  carbon, 
the  process  is  terminated  in  a  stream  of  oxygen  gas  (compare  §  176). 

5.  If  it  is  intended  to  effect  the  combnstion  in  the  apparatus 
described  in  §  178  (in  a  cnrrent  of  oxygen  gas),  the  bnlb  must  be 
drawn  out  to  a  fine  long  point,  and  filled  almost  completely  with 
the  fluid.  The  point  is  then  sealed  in  the  blowpipe  fiame,  and  th:3 
bulbs  are  transferred  in  tliat  state  to  the  combustion  tube.  "When 
tlie  anterior  and  the  farther  end  of  the  tube  are  red-hot,  a  piece  of 
igiiited  charcoal  is  pnt  to  the  part  occupied  by  the  first  bnlb,  when 
the  expansion  of  the  liquid  will  cause  it  to  burst.  When  the  con- 
tents of  the  first  bnlb  are  consumed,  the  second,  and  after  this  the 
third,  are  treated  in  the  same  way.  This  method  will  not  answer, 
however,  for  very  volatile  liquids,  as,  e.ff.,  ether,  on  account  of  the 
explosion  which  would  inevitably  take  place. 
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>3.  NoT^-volaMU  Liquids  {e.g.,  fatty  oile). 

§  181. 

The  combustion  of  non-volatile  liquids  is  efEected  cither,  l,witli 
chromate  of  lead,  or  oxide  of  cupper  and  oxygen ;  2,  iu  the  appar- 
atus described  %  ITS. 

1.  The  operation  is  conducted  in  general  as  directed  %  1T5  or 
§  176.    The  substance  is  weighed  in  a  email  tube,  placed  for  that 
purpose  in  a  tin  foot  (see  fig,  91),  and  the  mixing 
effected  as  follows :    Introduce  into  the  combnstioD 
tube  first  a  layer,  about  6  cm.  long,  of  chromate  of 
lead,  or  of  oxide  of  copper ;  then  drop  in  the  smill 
.     cylinder  with  the  substance,  and  let  the  oil  eompletelj 
k   run  out  into  the  tube ;  make  it  spread  about  iu  FarioD^ 
Fig.  91.      directions,  taking  care,  however,  to  leave  the  upper 
side  (intended  for  the  channel)  and  the  forepart,  to  the  extent  of  \ 
or  \  of  the  length  of  the  tube,  entirely  clean.     Fill  the  tnbe  now 
nearly  with  chromate  of  lead  or  oxide  of  copper — which  has  pre- 
viously been  cooled  in  the  filling  tube  or  flask — taking  care  tbat 
the  little  cylinder  which  contained  the  oil  be  completely  filled  wiih 
the  oxidizing  agent.     Place  the  tube  in  hot  sand,  which,  impattin^ 
a  high  degree  of  fluidity  to  the  oil,  leads  to  the  perfect  absorption 
of  the  latter  by  the  oxidizing  agent,  and  proceed  with  the  combni- 
tion  in  the  usual  way.     It  is  advisable  to  select  a  tolerably  long 
tube.     Chromate  of  lead  is  usually  to  be  preferred.     If  it  is  UEed, 
a  very  intense  heat,  sofileiently  strong  to  fuse  the  contents  of  the 
tube,  is  cautiously  applied  in  the  last  stage  of  the  process. 

Solid  fats  or  waxy  substances  which,  not  being  reducible  to 
powder,  cannot  be  mixed  with  the  oxidizing  agent  in  the  tjbmI 
way,  are  treated  in  a  similar  manner  to  fatty  oils.  They  are  fused 
in  a  small  weighed  glass  boat,  made  of  a  tube  divided  leugthwife; 
when  cold,  the  little  boat  with  its  contents  is  weighed,  and  then 
dropped  into  the  combustion  tnbe,  which  has  been  previously  filled 
to  the  extent  o£  about  6  cm.  with  chromate  of  lead,  or  with  oxide 
of  copper.  The  substance  is  then  fused  by  the  application  of  heai^ 
and  made  to  spread  about  in  the  tube  in  the  saine  manner  t&  i? 
done  with  fatty  oils ;  the  rest  of  the  operation  also  being  conducted 
exactly  as  in  the  latter  case.  If  chromate  of  lead  is  employed,  it 
will  be  found   advantageous  to  add  some  potassium  dicbioniate 
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(§  177).  If  oxide  of  copper  be  used,  finiah  in  a  stream  of  oxygen 
(§  176). 

2.  If  it  ifi  intended  to  effect  tlie  combnBtioa  of  fatty  substauces 
or  other  bodies  of  the  kind  in  a  tray,  in  a  current  of  oxygen  gas, 
by  means  of  the  apparatus  described  in  §  178,  the  combustion  must 
be  condacted  with  great  care.  As  soon  as  the  oxide  of  copper  in 
the  anterior  and  the  copper  roll  in  the  posterior  parts  of  the  tnbe 
are  red-hot,  carefully  r^nlated  heat  is  applied  to  the  part  occupied 
by  the  tray.  The  volatile  products  generated  by  the  diy  distilla- 
tion of  the  Bubatance  bum  at  the  expense  of  the  oxide  of  copper. 

When  it  is  perceived  that  the  surface  layer  of  the  oxide  of  cop- 
per is  reduced,  the  application  of  heat  to  the  substance  is  suspended 
for  a  time,  and  resumed  only  after  the  reduced  copper  is  reoxid- 
ized  in  the  stream  of  oxygon  gas.  Care  is  finally  taken  to  InBure 
the  complete  combustion  of  the  carbon  remaining  in  the  boat 


.Sapplammt  to  A.,  §§  174—181. 

§183. 

MonuTED  Appabatus  for  the  Abbobftioit  of  Cabbonio  Aoro. 

6.  J.  MuLDKB*  has  replaced  the  potash  bulbs  altogether  by  a 
totally  different  absorption  apparatus.  The  calcium  chloride 
tube  is  immediately  connected  with  the  system  of  IJ-tubes,  fig. 
92 ;  a  contains  small  pieces  of  glass,  6  to  10  drops  concentrated 
Bolphurio  acid,  and  at  the  top 
asbestos  plugs,  i  is  filled  to  -J 
with  granulated  soda  lime  (say 
»  20  grm.  prepared  as  directed 
in  §  66,  4),  the  remaining  ^  (in 
the  2d  limb)  contains  calcium 
chloride  (say  3  grm.).  Lastly,  e 
is  filled  with  lumps  of  potassa. 
a  and  b  are  weighed  together, 
o  Berres  as  a  guard  to  I,  and 
is  not  weighed.  The  sulphuric 
acid  tube  serves  to  show  the  ^K-  63. 

rate  of  the  evolution  of  gas ;  it  contains  enough  sulphuric  acid, 

•  Zeltschrift  f.  analjt.  Chem.  1,  8. 
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when  the  lower  part  is  just  stopped  np.  If  the  prooeBS  goet 
on  properly,  the  weight  of  the  tube  does  not  increase  more  than 
1  ingrm. ;  generally  the  increment  is  unweij^able.  If  the  tnbe 
is  clofied  after  ase  with  caontchono  cape,  it  may  be  naed  orer 
and  over  again.  The  sniphnric  acid  poeseesee  the  advantage  over 
other  flnids  that  it  indicates  whether  the  combustion  was  complete 
or  not;  for  in  the  first  case  it  remains  colorless,  in  the  eecraid 
it  becomes  brown  from  the  escaping  hydrocarbons,  and  then  tha 
reanlts  cannot  be  expected  to  be  peo^eotly  accurate.  The  absorp- 
tion of  the  carbonic  acid  by  the  soda-lime  tnbe  is  as  rapid  as  it  is 
complete ;  even  when  a  stream  of  carbonic  acid  is  passing,  with 
ten  times  the  rapidity  usn&l  in  organic  analysis,  no  trace  of  the 
acid  makes  its  escape.  The  absorption  of  the  carbonic  acid  is 
attended  with  warming  of  the  soda-lime ;  if  any  water  eraporates 
from  the  soda-lime,  it  is  retained  by  the  calcinm  chloride  in  tlie 
second  limb.  The  corks  of  the  absorption  tubes  are,  like  the  othera, 
coated  with  sealing-wax.  A  filled  soda-lime  tnbe  weighs  abont  40 
grm.  Tho  first  time  it  is  used  alone ;  the  second  time  the  Eame 
tnbe  is  nsed,  but  as  a  precautionary  measure  a  second  similarly 
filled  and  separately  weighed  tube  is  placed  in  front  of  it.  The 
second  tube  rarely  increases  in  weight,  and  unless  it  does,  the  firet 
tube  can  be  used  a  third  time,  but  of  course  in  connection  with  the 
second.  If  the  second  tul>e  has  gained  in  the  third  operation,  the 
first  tube  is  rejected  at  the  fourth  operation,  and  the  second  is  dot 
nsed  alone,  &c.  If  after  the  combustion  a  stream  of  oxygen  is 
transmitted  through  the  combufition  tube,  the  tubes  are  of  coone 
at  the  end  full  of  oxygen.  If,  then,  care  be  taken  that  the  tubes 
are  full  of  oxygen  before  weighing,  the  trouble  of  the  final  trans- 
mission of  air  may  be  saved.  For  weighing,  MrLDEB  closes  die 
ends  of  tlie  glass  tubes  with  caps  made  out  of  india-rubber  tDl>e. 
According  to  DiBBrrs,*  however,  this  is  not  to  be  recommended. 

Ml'ldek'b  absorption  apparatus  is  peculiarly  suitable,  when  the 
carbonic  acid  is  mixed  with  another  gas.  It  insures  complete 
absorption,  precludes  tlie  evaporation  of  any  water,  and  offers  per 
feet  security  in  case  of  the  sudden  occurrence  of  a  too  rapid  evoln- 
tion  of  gas. 

*  Zelt.  t.  anal  Chem.  10, 157. 
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B.  Ahaltbis  or  Comfouitds  oonbibtiko  of  Cabbok,  Htdboqeet, 
Oxygen,  and  Niteogeij. 

The  principle  of  the  analysis  of  such  compounds  is  in  general 
tliifi:  intmeportion  the  c&rhoa  and  the  hydrogen  are  determined 
as  carbonic  acid  and  water  respectively ;  in  another  portion,  the 
nitr<^n  is  determined  either  in  the  gaseous  form,  or  as  ammonium 
platinio  chloride,  or  by  determining  Tolnmotrically  the  ammonia 
formed  from  the  nitrogen ;  the  oxygen  is  calculated  from  the  loEfi. 

As  the  presence  of  nitrogen  exercises  a  certain  influence  upon 
the  estimation  of  carbon  and  hydrogen,  we  have  here  to  consider 
not  only  the  method  of  determining  the  nitrogen,  but  also  the 
modifications  which  the  presence  of  the  nitrogen  renders  necessary 
in  the  osoal  method  of  determining  the  carbon  and  hydrogen. 


,  Dbiebuhiatioit  of  the  Casboh  and  Hydboqek  in  NrTBOOBNona 

Substances. 


1.  When  nitrogenous  subetances  are  ignited  with  oxide  of  cop- 
per or  with  lead  chromate,  a  portion  of  the  nitrt^n  present 
escapes  in  the  gaseous  form,  together  with  the  carbonic  acid  and 
aqneoue  vapor;  whilst  another  portion,  minate  indeed,  still,  in 
bodies  abounding  in  oxygen,  not  quite  insignificant,  is  converted 
into  nitric  oxide  gas,  which  is  subsequently  transformed  wholly  or 
partially  into  nitrous  acid  by  the  air  in  the  apparatus.  The  appli- 
cation of  the  methods  described  in  §§  174,  etc.,  in  the  analysis  of 
nitrt^nons  substances  would  accordingly  give  too  much  carbon  ; 
since  the  potash  bnlbs  would  retain,  besides  the  carbonic  acid,  also 
the  nitrous  acid  formed  and  a  portion  of  the  nitric  oxide  (which  in 
the  presence  of  potassa  decomposes  slowly  into  nitrous  acid  and 
nitrous  oxide).  Tliis  defect  may  be  remedied  by  selecting  a  com- 
bustion tube  about  12 — 15  em.  longer  than  those  commonly 
employed,  filling  this  in  the  usual  way,  but  finishing  with  a  loose 
layer,  about  9 — 12  cm,  long,  of  clean,  fine  copper  turnings  (§  66, 
6),  or  a  compact  roll  of  copper  wire-ganze.  The  roll  of  copper 
gatize  in  front  of  the  oxide  should  not  be  previously  oxidized  (as 
is  recommended  for  substances  free  from  nitrogen  chlorine  and 
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bromine),  but  should  be  iq  tbe  metallic  state*.  The  prucesa  is  com- 
menced hy  heating  tbeBe  copper  turnings  to  redness,  in  wLich  state 
thej  are  maintained  daring  the  whole  coui-se  of  the  operation. 
These  are  the  oalj  modifications  required  to  adapt  the  metbods 
above  described  for  the  analysis  of  aitrogenous  eubstances.  Thf 
use  o£  the  metallic  copper  depends  upon  its  property  of  decompoe- 
ing,  when  iu  a  state  of  intense  ignition,  all  the  oxides  of  nitragea 
into  oxygen,  with  which  it  combines,  and  into  pnre  nitrogen  ga». 
As  the  metal  cxercbes  this  action  only  when  in  &  state  of  intense 
ignition,  care  must  be  taken  to  maintain  the  anterior  part  of  tbe 
tube  in  that  state  throughout  the  process.  Aa  metallic  copper 
recently  reduced  retains  hydrogen  gas,  and,  when  kept  for  some 
time,  aqueoQB  vapor  condensed  on  the  surface,  the  copper  tumiii^ 
intended  for  the  process  must  be  introduced  into  the  tube  bot  a8 
they  come  from  the  drying  closet  (whidi  is  heated  to  100°).  t. 
LiEBio  recommends  to  compress  the  hot  turnings  in  a  tube  into  a 
cylindrical  form,  to  facilitate  their  rapid  introdnction  into  tLe 
combustion  tube. 

2.  If  it  is  intended  to  bum  nitrogenous  bodies  in  the  appsratus 
described  in  §  178,  care  must  be  taken  to  keep  at  least  the  anterior 
half  of  tbe  roll  from  oxidizing,  both  during  the  ignition  in  the 
current  of  air  and  during  the  actual  process  of  combustion.  When 
the  operation  is  terminated,  and  tlie  oxidation  of  the  metallic 
copper  is  visibly  progressing,  the  oxygen  is  turned  ofF,  and  the 
cock  of  the  air  gasometer  opened  a  little  instead,  to  let  the  tube 
cool  in  a  slow  stream  of  atmospheric  air. 

3.  Since  the  metallic  copper  is  usually  oxidized  during  each 
combustion  and  must  be  reduced  again,  8tkik+  uses  silver  inatead 
of  copper.  Silver  has  the  additional  advantage  that  it  retains  also 
chlorine.  According  to  the  investigations  of  Calbebla,  silver  st » 
red  heat  reduces  oxides  of  nitrogen  completely,  while  it  does  not 
exercise  the  least  infinenee  on  carbonic  acid. 

}.   Dbtebminatioh  of  the  Niteogen  ni  Obgasic  Com- 

POONDS. 

As  already  indicated,  two  essentially  different  methods  are  in 

*  Tlie  copper  turnings  or  gauze  cannot  be  replaced  b;  the  meuUic  powder 
obrained  by  the  reduction  of  the  oiide  with  bs^rogen,  as  thia  olM^Dfttelj  ret»iw 
hydrogen,  and  coDsequeatly  decomposea  appreciable  quiuititiea  of  carboDtc  KJd 
with  formation  of  carbonio  oxide.    SchrOlter,  Laulemano.  Jonm.  t.  p«k^ 

Chem.  77.  316. 

t  Zeitschrift  f.  anal.  Chem.  6.  83. 


by  Google 


S  184.J  ORGANIC   ANALYSIS.  63o 

use  for  effecting  the  determioatioQ  of  tlie  nitrogen  in  organic  coiu- 
poonds ;  viz.,  the  nitrogen  is  either  separated  in  the  pure  form  and 
its  Tolnme  measured,  or  it  is  converted  into  ammonia,  and  tliis  is 
determined  either  as  ammoninm  pktinic  chloride,  or  volumetric- 
all  J  hy  neutralization. 

a.  Determ.in<Ui(m  of  the  Niirogenfrom  the  Yc^/wme. 
§181. 

aa.  DuxAs'  Metliod,  modified  bj  Scbiel. 

This  method  may  be  employed  in  the  analysis  of  all  organic 
compounds  contaioing  nitrogen.  It  requires  a  graduated  glass 
cylinder  of  about  200  cc.  capacity,  with  a  ground-glass  plate  to 
cover  it. 

The  combustion  tube  should  be  60  or  70  em.  long,  and  drawn 
out  at  the  posterior  end  to  a  stout  open  tail,  which  should  have  a 
small  bnlb  or  swell  for  the  better  fastening  of  a  rubber  tube  to  it. 
Introduce  into  it  near  the  tail  a  plug  of  newly  ignited  asbestos, 


Fig.  OS 


then  a  layer  of  oxide  of  copper,  4  cm,  long ;  after  this  the  intimate 
tnixture  of  an  accurately  weighed  portion  of  the  substance  (0'3 — 
0'6  grm.,  or,  in  the  case  of  compounds  poor  in  nitrogen,  a  some- 
what larger  quantity)  with  oxide  of  copper,  then  tlie  oxide  which 
has  served  to  rinse  the  mortar,  followed  by  a  layer  of  pure  oxide, 
and,  lastly,  a  layer  of  copper  turnings,  about  15  cm,  long.  Make 
a  channel  along  the  top  of  the  tube  by  gentle  tapping.  Connect 
the  tube  with  the  bent  delivery  tube  c^(fig.  93),  and  place  in  the 
furnace.  Connect  the  tail  by  means  of  a  stout  tvhe  of  india-rub- 
ber with  an  apparatus  for  giving  a  continuous  stream  of  waslied 
carbonic  acid  gas.  Transmit  this  slowly  through  the  tube  for  half 
an  hour,  then  immerse  the  end  of  the  bent  delivery  tube  under 
mercury,  and  invert  over  it  a  teat  tube  filled  with  solution  of 
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potBS6a.  If  tlie  gas  babbles  entering  the  cylinder  are  completelj 
absorbed  by  the  aolation  of  potassa,  this  is  a  proof  th^  the  air  is 
thoronghly  expelled  from  the  tnbe.  Bnt  shonld  this  not  be  the 
case,  the  eTolutlon  of  carbonic  acid  must  be  continaed  nntil  the 
desired  point  is  attained.  When  the  gas  is  completely  absorbed, 
close  the  communication  between  the  CO,  generator  and  the  com. 
bustion  tnbe  by  a  screw  clamp  or  stopcock,  invert  the  gradaated 
cylinder,  filled  f  with  mercury,  ^  with  concentrated  solution  of 
potassa,  over  the  end  of  the  delivery  tnbe,  with  the  aid  of  a 
gFonnd-glasB  plate,*  and  proceed  with  the  combustion  in  the  iisnal 
way,  heating  first  the  anterior  end  of  the  tube  to  redness,  and 
advancing  gradually  towards  the  farther  end.  In  the  last  stage  of 
the  process,  commnnication  is  reestablished  with  the  CO,  genera- 
tor, and  thus  the  whole  of  the  nitri^n  gae  which  still  remaina  in 
the  tube  is  forced  into  the  cylinder.  Wait  now  until  the  volume  of 
the  gas  in  the  cylinder  no  longer  decreases,  even  upon  shaJdng  the 
latter  (conacqnently,  until  the  whole  of  the  carbonic  acid  has  been 
absorbed),  then  place  the  cylinder  in  a  large  and  deep  glass  vessel 
filled  with  water,  the  transport  from  the  mercurial  trough  to  this 
vessel  being  effected  by  keeping  the  aperture  closed  with  a  small 
dish  filled  with  mercury.  The  mercury  and  the  solution  of  poUsa 
sink  to  the  bottom,  and  are  replaced  by  water.  Immerse  the  eyha- 
der,  then  raise  it  again  until  the  water  is  inside  and  ontside  on  an 
exact  level ;  read  o£E  the  volume  of  the  gas  and  mark  tlie  tempera- 
ture of  the  water  and  the  state  of  the  barometer ;  calcnlate  tie 
weight  of  the  nitrogen  gas  from  its  volume,  after  reduction  to  the 
normal  temperature  and  pressure,  and  with  due  regard  to  the  tcD- 
sion  of  the  aqueous  vapor  (comp,  "  Calculation  of  Analyses").  Tbe 
results  are  generally  somewhat  too  high,  viz.,  by  about  0-2— Oa 
per  cent. ;  tliis  ia  owing  to  the  circumstance  that  even  loag-con- 
tinued  transmission  of  carbonic  acid  through  the  tnbe  fails  to  eipel 
every  trace  of  atmospheric  air  adhering  to  tbe  oxide  of  copper. 

•  The  following  Is  the  best  way  of  flUing  tlie  cylinder  &nd  inTertim;  il  owt 
the  opeoing  of  the  bent  delivery  tube: — The  mercury  is  introduced  al  first,  md 
the  air-bubbles  which  adhere  to  the  walls  of  the  vessel  are  removed  in  ihe  usuil 
way.  The  solution  of  pntaasa  ia  then  poured  In,  leering  tbe  top  of  the  cjiioder 
free  to  tbe  extent  of  about  2  lines;  this  la  cautiously  flUed  up  to  the  brim  «iUi 
pure  water,  and  tbe  ground-glass  plate  slidcd  over  it.  The  cylinder  is  do* 
Inverted,  and  tbeopeningplacedunderthemercury  in  the  trough;  theg!««pl«l* 
Is  then  withdrawn  from  under  the  cylinder.  In  this  mauDer  the  operation  a*j 
be  performed  easily,  and  without  soiling  the  fingers. 
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It  18  highly  advisable,  before  making  taij  uitrogen  determina- 
tions with  this  method,  to  subject  a  non-nitrogenous  substance,  e.ff., 
sugar,  to  the  same  procesa.  The  analyst  thereby  acquaints  liinieelf 
with  the  extent  of  the  error  to  which  he  wiJl  be  exposed.  In  siicli 
an  experiment  the  qoantity  of  unabsorbed  gas  should  not  exceed 
1  or  li  c.c. 

To  insure  complete  combastion  of  difficultly  combustible  bod- 
ies, Streckeb  recommends  the  addition  of  areenions  oxide  in  pow- 
der to  the  oxide  of  copper  mtli  which  the  substance  is  to  be  mixed; 
the  arseniouB  oxide  is  volatilized  by  the  action  of  the  heat,  the 
fumes  burning  the  whole  of  the  carbon  like  a  current  of  oxygen. 
The  arsenious  oxide  sublimes  in  the  anterior  part  of  the  tube, 
arsenic  remains  in  the  copper. 

ib.  By  exhaustion  of  the  comhuaiion  fe*Ja  wWi,  an  airpvmp, 
and  measurement  of  mitrogen  in  Schiff^a  Asotometer. 

A  process  capable  of  giving  much  more  accurate  results  than 
the  preceding  {aa)  has  been  developed  by  Fbanklaitd  and  Aeh- 
6TBOK0,*  G1BB8+  and  JoHifsoir.    It  is  described  j:  as  follows: 

BOAOENTa. 

Ov(pric  oxide. — "  Copper  scale,"  which  may  contain  cuprous 
oxide,  coal  dust,  oil,  &c.,  is  mixed  in  an  iron  pot  with  10  per  cent, 
of  potassinm  chlorate  and  enough  water  to  make  a  thin  paste.  The 
mass  is  heated  and  stirred  till  dry,  the  heat  is  then  raised  to  the  point 
of  ignition,  and  until  the  mass  does  not  glow  nor  sparkle  when 
stirred. 

The  potassium  chloride  is  washed  out  by  decantation  and  the 
cnpric  oxide  is  dried  and  moderately  ignited. 

Met<dlie  a^pper, — Granular  copper  oxide,  or  fine  copper  gauze, 
is  suitable  for  its  preparation.  The  granular  copper  is  most  con- 
venient ;  copper  gauze  must  be  made  into  rolls  adapted  to  the 
combustion  tDl>e.  The  copper  is  reduced  and  cooled  as  oeual  in  a 
stream  of  hydrogen, 

Potassium  chlorate. — Commercial  potassinm  chlorate  is  fused 
in  porcelain  and  pulverized. 

Sodium  bicarbonate  must  contain  no  organic  matter. 

•  Joor.  Chem.  800.  [li],  vol.  vi.  p.  77, 
f  AnLjouTiLBcL  and  Arts,  vol.  sMU. 
%  By  JoHNBOM  and  Jbkkins,  American  Cbetnlcol  Journal,  il.  97. 
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Solution  of  Caustic  Potash. — Dissolve  coimnercial  "stick  pot- 
ash" in  1c^£  than  its  weiglit  of  water,  making  a  solution  so  concen- 
trated that,  on  cooling,  it  deposits  crystals  of  potassiain  bydrate. 

The  same  clear  solution  may  be  used  for  a  number  of  combn^ 
tions  or  nntil  the  absorption  of  carbonic  acid  gas  is  not  quite  prompL 


APPAHATCS. 

The  Combustion  tube  should  be  of  the  best  hard  Boheiniiin 
glass,  about  2  feet  4  inches  long.  The  rear  end  is  bent  and  sealed 
as  in  fig.  96. 

It  IB  best  to  protect  the  horizontal  part  with  thin  copper  foil 
The  tnbo  is  connected  witli  the  pump  by  a  close  fitting  rubber 
cork,  smeared  with  glycerine, 

Azotometer. — This  is  a  modification  of  the  apparatus  invented 
and  described  by  SchifE,  Free.  Zeitschrift,  Bd.  7,  p.  430. 
It  is  represented  in  fig.  94. 

The  gas  is  measured  in  an  accurately  calibrated  cylinder  (bn- 
rette)  A  of  120  c.  c.  capacity,  graduated  to 
fifths  of  cubic  centimetres,  and  closed  at  the 
upper  end  by  a  glass  stopcock.  The  lower 
end  is  connected,  by  means  of  a  perforated 
rubber  stopper  about  IJ  inches  long  and 
li  inches  diameter,  with  another  tube  he:- 

\ing  two  arms,  one,  D,  to  receive  the  deliverr 
^   tube  from  the  pump,  the  other  connected 
'  by  a  rubber  tube  with  a  bulb  of  200  c.c. 
capacity,  F,  through  which  potash  soblion 
i  supplied.     The  graduated   tube  is  en- 
closed in  a  water-jacket  with  an  exteraaj 
diameter  of  about  If  inches.     Its  lowerend 
is  closed  by  the  caoutchouc  stopper  that 
connects  the  two  parts  of  the  azotometer 
described  above.      The  npper  end  of  the 
jacket  is  closed  by  a  thin  rubber  disc,  slit 
radially  and  having  four  perforations:  one 
in  the  centre,  through  which  the  neck  of 
the  graduated  tube  passes,  and  three  others 
A's-  "-  near  the  circumference. 

Through  one  of  the  latter,  a  glass  tube,  L,  bent  as  in  the  figure, 
reaches  to  the  bottom  of  the  jacket,  another  short  tube  jnst  paraes 
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through  the  disc,  and  the  third  hole  is  for  supporting  a  thermo- 
meter. The  azotometer  is  held  npright  and  firm  on  a  stand  by 
rings  fitting  aronnd  the  jacket  and  hj  cork  wedges. 

The  hnib  for  potash  aolntion  rests  in  a  slotted,  sliding  ring. 

The  air  pump  used  is  the  Sprengel  mercury  pump,  modified 
merely  so  as  to  be  easily  constructed  and  durable.  Its  essential 
parts  are  sketched  in  fig.  95.  Some  of  them  are  exaggerated  in 
order  to  show  their  constmction  more  plainly.  Through  a  rubber' 
stopper  wired  into  the  nozzle  of  the  mereqry  reaer- 
Toir,  A,  passes  a  glass  tube,  B,  4  inches  long ;  this 
connects  by  a  caoutchonc  tube  with  the  straight 
tube  D,  3  feet  long.  The  rubber  tube  E,  6  inches 
long,  connects  D  with  a  straight  glass  tube,  F,  of 
about  the  same  length  as  D. 

6  is  a  piece  of  combustion  tube  1^  inches  long, 
closed  below  by  a  doubly  perforated  soft  rubber 
stopper  admitting  the  tubes  F  and  H,  and  above  by 
a  singly  perforated  rubber  stopper  into  which  a 
tabe,  I,  is  fitted.  The  tube  H  has  a  length  of  45 
inches.  At  the  bottom  it  is  connected  by  rubber 
with  a  straight  tube  of  3  inches,  and  this  again  with 
a  tube,  K,  of  7  inches.  The  tubes  H  K  should 
have  an  internal  diameter  of  1^  millioietres,  F  may 
be  2  millimeters,  and  D  still  larger. 

We  have  nsed  for  H  and  F  slender  Bohemian 
glass  tubes  of  4  millimetres  exterior  diameter.  Their 
elasticity  compensates  for  their  slendemess.  If 
heavy  barometer  tubes  be  used,  the  stoppers  and  G 
mnst  be  of  correspondingly  laiger  dimensions. 

The  joints  at  G  must  be  made  with  the  great- 
est caiii. 

It  is  best  to  insert  the  lower  stopper  for  half 
its  length  into  G,  having  the  dimensions  of  the 
parts  so  related  that  it  requires  considerable  efEort 
to  force  the  slightly  greased  tubes  F  and  H  to 
their  places  jnst  through  the  stopper.  The  tube 
I  must  be  of  stout  glass — a  decimetre  in  diameter, 
oat  at  either  end  to  a  long  taper,  and  bent  be  in  the  figure,  in  order 
to  bring  its  free  extremity  to  the  level  of  the  combustion  furnace. 
The  hole  in  the  upper  rubber  stopper  has  a  diameter  of  6  mm. 
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just  sufficient  to  admit  the  narrowed  end  of  the  tube,  vliich,  after 
greasing  or  moistening  witli  glycerine,  is  "  screwed  down"  into  the 
stopper. 

These  three  joints  are  the  only  ones  belonging  to  the  pump 
which  have  to  resist  diminished  pressare,  and  require  extreme  care 
in  making. 

If  not  entirely  secure  they  are  to  be  trapped  with  glycerine. 
For  tliis  purpose  it  is  needful  to  pass  F  and  H  through  a  stopper 
of  half  an  inch  greater  diameter  than  G  and  correspondingly 
perforated  before  entering  the  latter.  Tlien,  previons  to  iDserting 
I,  a  tube  4  inches  long  is  slipped  over  G  upon  this  wider  stopper. 
When  I  has  been  inserted  and  the  tubes  have  been  secured  to 
their  support,  the  space  between  Gt  and  the  outer  tnbe  is  filled 
with  the  most  concentrated  glycerine,  which  is  prevented  from 
absorbing  moisture  by  corking  above. 

The  two  rubber  tubes  are  both  provided  with  stoat  screw 
clamps,  to  admit  of  exactly  regulating  the  flow  of  mercury.  Tie 
tubes  J),  F,  H,  and  I  are  secured  to  a  vertical  plank  framed  belov 
into  a  heavy  horizontal  wooden  foot  on  which  rests  the  mercury 
trough,  and  having  above  a  horizontal  shelf  through  an  apertnie 
of  which  passes  the  neck  of  A. 

The  tubes  D,  F,  H,  and  I  are  secured  to  the  plank  at  several 
points  by  wooden  or  cork  damps,  clasping  the  tabee  and  &stened 
by  screws  or  wires. 

These  fastenings  are  made  elastic  by  the  intervention  of  a  thick 
rubber  tnbe  between  the  glass  and  wood.  The  connections  C  and 
E  should  be  made  of  stout  vulcanized  rubber,  those  at  the  base  of 
H  K  of  fine  black  rubber. 

The  latter  should  be  soaked  in  melted  tallow  previous  to  nse, 
all  excess  being  carefully  removed  from  the  interior.  The  jcanis 
should  be  wound  with  waxed  silk. 

A  glass  funnel  is  placed  within  A  to  prevent  spattering  of  the 
mercury  when  it  is  filled. 


From  3  to  4  grams  of  potassium  chlorate,  according  to  the 
amount  of  carbon  to  be  burned,  are  put  into  the  tail  of  the  cfflo- 
bustion  tube,  fig.  96,  followed  by  an  asbestos  plug  just  at  the  bead. 
The  substance  to  be  analyzed  (0-6 — 08  grams)  is  well  mixed  in 
a  mortar  with  enough  cupric  oxide  that  has  been  JreMy  igniUd 
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and  allowed  to  cool  to  make  a  layer  11  or  12  inches  long  in  tlie 
tube.  Tlie  mixture  is  introduced  through  a  funnel  and  rinsed 
with  euoitgh  cupric  oxide  to  make  a  layer  of  3  inches,  a.  Becond 
asbestos  plug,  and  upon  it  a  layer  of  reduced  copper  of  4  or  5 
inches  long  are  put  in,  then  a  third  asbestos  plug,  then  2  inciies  of 
euprie  oxide,  a  fourth  asbestos  plug,  then  '8  to  1*  grama  of  sodium 
bicarbonate.  The  remaining  space  in  the  tube  is  loosely  filled  with 
asbestos,  to  absorb  the  water  which  is  formed  during  combustion, 

KcijQt!      wiynjHg iHinsiHes:      cn.    icuo;™? -asbejtus 


^^ 


\  Bern,  i  .12  en. 


:8cini3cii£    10  cm. 


and  prevent  it  from  flowing  back  upon  the  heated  glass.  The 
anterior  part  of  the  tube  containing  tlie  cupric  oxide  and  reduced 
copper  is  wound  with  copper  foi],  leaving,  however,  a  little  of  the 
copper  (Cu.  in  fig,  96)  visible  at  its  rear.  The  combustion  tube  is 
placed  in  the  furnace  at  the  bend  of  the  tube  I,  and  connected  with 
the  latter  by  a  close-fitting  rubber  stopper  smeared  with  glycerine, 
Care  must  be  taken  to  make  tbe  joint  perfectly  tight.  The 
combustion  tube  has  its  conical  rubber  stopper  partly  inserted, 
aud  is  then  forced  and  rotated  upon  the  tapering  and  stout  end  of 
the  tnbe  I,  the  latter  being  supported  by  one  hand  applied  at  the 
lower  bend. 


PREPAKATIOZf  OF  TBE 


Fill  the  bottom  of  tlie  azotometer  to  about  the  level  indicated  by 
,  the  dotted  line  G,  with  mercury.  Close  the  arm  D  securely  with 
a  robber  stopper.  Grease  the  stop-cock  H  and  insert  the  plug, 
leaving  the  cock  open. 

Four  potash  solution  into  F  till  A  is  nearly  full,  and  there  is 
still  some  solntion  in  the  bulb  F.  Raise  the  bulb  cautiously  with 
one  hand,  holding  the  stop-cock  H  in  the  other  hand.  "When  the 
solntion  in  A  has  risen  very  nearly  to  the  glass  cock,  close  the  lat- 
ter, avoiding  contact  of  the  alkali  with  the  ground  glass  bearings. 
Keplace  the  bnlb  in  the  ring  and  lower  it  as  far  as  may  be.  If  the 
level  of  the  solntion  in  the  azotometer  does  not  fall  in  15  or  20 
minutes,  it  is  tight.  Place  the  delivery  tube  of  the  pump  K  in  a 
mercury  trough. 
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Snpplj  the  vessel  A  with  at  least  500  c.  c  of  merenry.  Cau- 
tiouely  open  tlie  clamps  0  and  £.  If  the  mercarj  does  not  start  at 
once  pinch  the  nibber  at  E  repeatedly.  The  mercury  sboold  flow 
nearly  as  fast  as  it  can  be  discharged  at  K,  without  filling  the  cylin- 
der (j.  Five  to  ten  luiantes  working  of  the  pump  will  genenJlf 
suffice  to  make  a  complete  exhaustion  of  the  combustion  tube.  If 
most  of  the  mercury  runs  out  before  exhaustion  is  complete,  dose 
the  clamp  C,  return  the  mercury  to  A,  and  repeat  tiie  operatioa. 
When  there  ia  a  complete  exhaustion,  the  mercury  falls  with  a  rat- 
tling or  clicking  sound.  After  it  has  been  distinctly  heard  for  halt 
a  minute,  close  the  clamp  C.  If  the  mercury  coluiiiu  in  H  remains 
stationary  for  some  minutes,  the  connections  are  proved  to  be 
tight. 

ADJCSTINO    THE   AZOTOUETEK. 

Kemove  the  mercury  trough,  placing  K  in  a  capsule. 

Heat  the  part  of  the  tube  containing  sodium  bicarbonate.  "Wato 
vapor  and  carbon  dioxide  are  evolved,  wliiuli  £11  the  vacuum  in  E 
and  expel  the  mercury.  While  this  is  being  done  place  the  aioto- 
meter  near  by,  remove  the  bulb  F  from  the  ring  and  support  it  in 
a  box  near  tlie  level  of  D,  so  that  the  stopper  may  be  removed 
from  D  without  greatly  changing  the  level  of  the  mercury  G,  and 
so  that  the  azotometer  can  be  moved  freely  without  disturbing  il. 
When  the  cork  in  D  has  been  removed  fill  D  half  full  or  more 
with  water. 

As  soon  as  the  mercury  has  fully  escaped  from  K  insert  the  lat- 
ter in  D.  Let  a  few  bubbles  escape  through  the  water  and  then 
pass  the  tube  K  down  so  that  the  escaping  gas  enters  the  azotome- 
ter. It  will  much  facilitate  the  delivery  of  gas  if  the  extremity  of 
the  tube  K  just  touches  the  inside  of  the  azotometer  tube,  and  i« 
kept,  as  near  as  possible,  to  the  surface  of  the  mercury. 

The  carbon  dioxide  is  absorbed  in  passing  through  the  caustic 
potash  solution.  In  spite  of  all  precautions  very  minute  bubbles  of 
permanent  gas  will  occasionally  ascend,  but,  as  will  be  seen  on 
observing  the  amount  of  potash  solution  thus  displaced,  the  error 
thereby  occasioned  is  extremely  small. 

THE   COMBUSTION. 

First  beat  the  anterior  cupric  oxide  to  full  redness,  and  aftei^ 
wards  the  copper.  The  fine  gauze  or  pulverulent  copper  very  cont 
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plettily  redncee  anj  oxides  of  nitrogen  whidi  might  be  produced 
in  the  combnstion,  and  also  retains  any  excess  of  oxygen  which  is 
evolved  at  die  cloee  of  tiie  process. 

The  anterior  capric  oxide  burns  the  traces  of  hydrogen  which 
may  be  held  by  the  reduced  copper,  even  when  the  tnbe  is 
exhausted,  and  also  destroys  the  carbon  monoxide  which  is  usually 
formed  when  steam  and  carbon  dioxide  pass  together  over  reduced 
copper,  if  iron  or  carbon  be  present.  Go  on  .with  tlie  combustion 
as  usual,  bringing  the  heat  up  to  a  fair  redness.  The  flow  of  gas 
may  be  made  quite  rapid,  say  one  bubble  a  second,  or  a  little  faster. 

When  the  horizontal  part  of  the  tube  has  all  been  heated,  and 
the  evolution  of  gas  kas  nearly  ceased,  heat  the  potassium  chlorate 
so  that  it  boils  vigorously  from  evolution  of  oxygen.  The  i-eoxidiza- 
tion  of  the  reduced  copper  oxide  and  of  any  nnbnmed  carbon  pro- 
ceeds rapidly. 

When  the  oxygen,  whose  flow  admits  of  easy  regulation,  begins 
to  attack  the  anterior  layer  of  reduced  copper,  stop  its  evolution 
and  lower  the  flames  all  along  the  tube,  keeping  the  reduced  cop- 
per still  faint  red. 

After  a  few  minutes  start  the  pump,  slowly  at  first,  having  some 
vessel  under  tlie  tube  D  of  the  azotometer  to  receive  the  mercury. 
A  few  minutes  pumping  suffices  to  clear  the  tube.  Remove  the 
azotometer,  close  the  tube  D  with  its  rubber  stopper,  then  raise  the 
bulb  into  its  ring  to  such  a  height  that  the  potash  solution  in  it 
shall  be  at  about  tlie  same  level  as  that  in  the  graduated  tnbe.  Con- 
nect L  at  its  upper  end  with  a  water  supply,  insert  a  thermometer 
in  the  top  of  the  water  jacket  and  let  the  water  run,  until  the  tem- 
perature and  the  volume  of  gas  are  constant. 

Bead  ofE  the  volume  of  gas  and  temperature,  after  having  accu- 
rately adjusted  the  level  of  the  solution  in  the  bulb  to  that  in  the 
azotometer.    _ 

Read  the  barometer  and  make  the  calculations  in  the  usual  way. 
"When  50  per  cent,  potash  solution  is  used,  no  correction  need  be 
made  for  tension  of  aqueous  vapor,  as  Schiff  has  shown. 

The  calculation  is  somewhat  shortened  by  the  use  of  the  table 
in  Jonr.  of  Chem.  Soc.,  Vol.  XVIII.  (1865)  p.  212. 

Very  fair  results  are  got  by  employing,  with  suitable  precau- 
tion, a  stream  of  carbon  dioxide  to  displace  the  air  of  the  combus- 
tion tube,  but  the  process  is  very  tedious,  the  sources  of  error  are 
more  numerous,  and  the  results  are  apt  to  be  higher  and  not  so 
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accordant  as  when  the  mercury  pump  is  used  to  erscoate  tLe 
tube. 

The  pump  abore  described  haa  been  is  use  for  eighteen  months 
without  any  repairs,  and  by  its  help  two  or  even  three  aualvaee 
may  be  performed  in  a  day. 

/?.  J)^£rmin(Uion  of  Nitrogmt,  by  eonvertion  into  AmmottM. 

Vakeentrapp  and  Will's  Method. 

§  185. 

This  method  may  be  applied  to  all  nitrogenouB  componiKig, 
except  thoee  coutaining  the  uitrogen  in  the  form  of  nitric  acid, 
hypouitric  acid,  ^c.*  It  is  based  upon  the  same  principle  as  the 
method  of  examining  organic  bodies  for  nitrogen  (g  172,  1,  a),  viz., 
upon  the  circnmstance  that,  when  nitrogenons  bodies  are  ignited 
with  an  alkali  hydroxide,  the  latter  ia  decomposed,  yielding  water, 
the  oxygen  of  which  combines  with  carbon  to  C0„  whiA 
remains  in  combination  with  the  alkali  as  carbonate,  whilst  the 
hydrogen  at  the  moment  of  its  liberation  combines  with  the  whole 
of  the  nitrogen  present  to  form  ammonia. 

In  the  case  of  substances  abounding  in  nitrogen,  such  as  uric 
acid,  mellon,  &c.,  the  whole  of  the  nitrogen  ia  not  at  once  con- 
verted into  ammonia  ia  this  process ;  a  portion  of  it  combining 
with  part  of  the  carbon  of  the  organic  matter  to  c}'ani^!;en,  which 
then  combines,  cither  in  that  form  with  the  alkali  metal,  or  in  tlie 
form  of  cyanic  acid  with  the  alkali.  Direct  experiments  Kare 
proved,  however,  that  even  in  such  cases  the  whole  of  the  nitrc^ 
is  ultimately  obtained  aa  ammonia,  if  the  alkali  hydroxide  is  pres- 
ent in  excess,  and  the  heat  applied  sufficiently  intense. 

As  in  all  organic  nitrt^nous  compounds  the  carbon  prepoa- 
derates  over  the  nitrogen,  the  oxidation  of  the  former,  at  the 
expense  of  the  water,  will  invariably  hberate  a  quantity  of  h^ro- 
gen  more  than  sufficient  to  convert  the  whole  of  the  nitn^en  pr& 
ent  into  ammonia ;  for  instance, 

ON  +  2H.0  =  CO,  +  NH.  +  H. 

I*  Vegetable  mattere,  as  dried  pl&nta,  conb^ning  not  more  than  8  per  oenL  of 
NOi  may  be  aoalyTed  bj  this  metliod.  Id  a  caae  where  0  per  cenL  otNiOivai 
present,  a  loss  of  03  per  cent,  ot  N  took  place  in  the  experimeDli  of  £ 
Bchulzo.— Frea.  Zcltacbrift  vi.  887.] 
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The  exceea  of  the  liberated  liydrogen  escapes  cither  in  the  free 
6tate,  or  in  combination  with  the  not  yet  oxidized  carbon,  accordr 
ing  to  the  relative  proportiona  of  the  two  elements  and  the  tem- 
l>erature,  as  marsh  gas,  oleflant  gas,  or  vapor  of  readily  condensible 
hydrocarbons,  which  gases  serve  in  a  certain  measure  to  dilute  the 
ammonia.  As  a  certain  dilution  of  that  product  is  necessary  foi- 
the  success  of  the  operation,  I  will  here  at  once  state  tliat  sub- 
stances rich  in  nitrogen  should  be  mixed  witli  more  or  less  of  some 
non-nitrogenous  body — sugar,  for  instance — so  that  there  may  be 
no  deficiency  of  diluent  gas. 

The  ammonia  is  determined  volumetrically,  see  §  196. 

aa.  RequUitea. 

1.  The  objects  enumerated  g  174,  and  a  Poecelain  Mortab  for 
mixing  the  weighed  snbetance. 

2.  A  CoMBPSTioN  Tube  of  the  kind  described  §  174,  3 ;  length 
about  40  cm.,  width  about  12  mm.  The  combustion  is  effected  in 
an  ordinary  combustion  furnace. 

3.  Soda-Lime  (§  66,  5). — it  is  advisable  to  gently  heat  in  a 
platinum  or  porcelain  dtsli,  a  quantity  of  the  soda-lime  sufficient  to 
fill  the  combustion  tube,  so  as  to  have  it  perfectly  dry  for  the  pro- 
eesB  of  combustion.  In  the  analysis  of  non-volatile  substances,  the 
best  way  is  to  use  the  soda-lime  while  still  warm. 

4.  Asbestos. — A  small  portion  of  this  substance  is  ignited  in  a 
platinum  crucible  previous  to  use. 

5.  A  Verrentkapp  and  "Will's  Bclb  Apparatds. — This  may 
be  obtained  from  the  shops.  Fig.  97  shows  its  form.  It  is  filled 
to  the  extent  indicated  in  the  drawing  with  standard  sulphuric  or 


Fig.OT. 

hydrochloric  acid  g  192,  of  which  20  c.c  should  be  employed.  The 
acid  is  introduced  either  by  dipping  the  point  into  the  acid,  and 
applying  suction  to  d,  or  by  means  of  a  burette. 
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In  order  to  guard  against  tlie  i-eceditig  of  the  acid  into  tlie 
combuBtion  tube,  Abendt  and  Knop  have  sug- 
gested the  form  indicated  fig.  98. 

6.  A  soft,  well -perforated  Cobk,  which  fits  the 
combuBtion  tube  air-tight,  and  in  which  the  tube 
d  of  the  btilb  apparatus  fits  cloeelj. 
Vift  96.       '         T.  A  SucnoN-TCBE  of  caontchonc  adapted  to 
the  point  of  the  bulb  apparatua. 
Jft.  The  Process. 

The  combuBtion  tube  is  half  filled  with  soda-lime,  whicli  is  tten 
gradually  transferred  to  tlie  perfectly  dry,  and,  if  the  nature  of  the 
substance  permits,  rather  warm  mortar,  where  it  is  most  intimatclr 
mixed  with  the  weiglied  substance,  forcible  pressure  being  care- 
fully avoided  ;  a  layer  of  soda-lime,  occupying  about  3  cm.,  is  now 
introduced  into  the  posterior  part  of  the  combustion  tube,  and  the 
mixture  filled  in  after  ;  the  latter,  which  will  occupy  about  20  em.. 
is  followed  by  a  layer  of  about  5  cm.  of  soda-lime,  which  has  been 
used  to  rinse  the  mortar,  and  this  again  by  a  layer  of  12  cm.  of 
pure  soda-lime,  leaving  thus  about  4  cm.  of  the  tube  clear.  The 
tube  is  then  closed  with  a  loose  plug  of  asbestos,  and  a  free  paeai^ 
for  the  evolved  gases  formed  by  a  few  gentle  taps  ;  it  is  then  con- 
nected with  the  bulb  apparatus  by  means  of  the  perforated  cork, 
and  finally  placed  in  the  combustion  funiace  (see  fig.  97). 

To  ascertain  whether  the  apparatUB  closes  air-tiglit,  some  ur  is 
expelled  by  holding  a  piece  of  rod  hot  charcoal  to  the  bulb  a,  nnd 
the  apparatus  observed,  to  see  whetlier  the  liquid  will,  upon  cooline. 
permanently  assume  a  higher  position  in  a  than  in  tlie  other  limb- 
Tiic  tube  is  then  gradually  surrounded  with  ignited  charcoal,  com- 
mencing at  the  anterior  part,  and  progressing  slowly  towards  the 
tail,  the  operation  being  conducted  exactly  as  in  an  ordinaiy  com- 
bustion (§  175).  Care  rauet  be  taken  to  keep  the  anterior  part  of 
tlie  tube  tolei-ably  hot  throughout  the  process,  since  this  will 
almost  entirely  pi-event  the  passage  of  liquid  hydrocarbons,  the 
presence  of  which  in  the  standard  acid  would  be  inconveiu'ent- 
Tlie  asbestos  chould  be  kept  eufficiently  hot  to  guard  agaipBt  it 
retaining  water,  and  with  this,  ammonia.  The  combustion  should 
be  conducted  so  as  to  maintain  a  steady  and  uninterrupted  evolu- 
tion of  gas ;  there  is  no  fear  of  any  ammonia  escaping  unnbt^rbed. 
even  if  the  evolution  is  rather  brisk ;  but  the  operator  mast  con- 
stantly be  on  his  guard  against  the  receding  of  the  acid,  whidi 
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takes  place  the  momeat  tlie  evolution  of  gas  ceases,  and  tliis,  iu 
some  instances,  with  such  iiopetuosity  as  to  force  the  acid  into  t]ie 
combustion  tube,  which  of  course  spoils  the  whole  analjeis.  This 
difficulty  may  be  readily  met,  however,  by  mixing  with  tlie  sub- 
stance an  equal  quantity  of  sugar,  which  will  give  rise  to  tlie  evo- 
lution of  more  permanent  gases  dilating  the  ammonia. 

When  the  tube  is  ignited  in  its  whole  length,  and  the  evolu- 
tion of  gas  has  totally  ceased,*  the  point  of  the  combustion  tube  is 
broken  off,  and  air  to  the  extent  of  several  times  the  volume  of  tlie 
gas  in  the  tube  is  sucked  through  the  apparatus,  to  force  all  the 
i-est  of  the  aramooia  into  the  acid. 

Liquid  nitrogenous  compounds  are  weighed  iu  small  sealed 
glass  bulbs,  and  the  process  is  conducted  as  directed  §.180,  with 
this  difference,  that  soda-lime  is  substituted  for  oxide  of  copper. 
It  is  advisable  to  employ  tubes  of  greater  length  for  the  combus- 
tion of  liquids  tlian  are  required  for  solid  bodies.  The  best  method 
of  conducting  the  operation,  is  to  heat  first  about  one-third  of  the 
tube  at  the  anterior  end,  and  then  to  force  the  liquid  from  the 
bulbs  into  the  tube  by  heating  the  hinder  end  of  the  latter;  the 
expelled  liquid  will  thus  become  difiused  in  the  central  part  of  the 
tabo,  without  being  decomposed.  By  a  progressive  application  of 
beat,  proceeding  slowly  from  the  anterior  to  the  posterior  end,  a 
steady  and  nniform  evolution  of  gas  may  be  easily  maintained. 

When  the  combustion  is  terminated,  the  bulb  apparatus  is 
emptied,  through  the  opening  at  the  point,  into  a  beaker,  and  rinsed 
with  water  until  the  rinsings  cease  to  manifest  acid  reaction. 

The  excess  of  acid  is  determined  by  meiins  of  standard  potash 
or  ammonia  solution  and  cochineal  tincture,  or,  if  the  acid  is  bo 
colored  that  the  point  of  neutralization  cannot  readily  be  decided 
by  cochineal,  employ  slips  of  turmeric  paper  (see  §  19C). 

It  is  advantageous  to  use  a  rather  dilute  acid,  1  c.  c.  =  0'005  grm. 
of  nitrogen.  The  receiver  (fig.  99)  may  be  advantageonsly  eubsti- 
tated  for  the  bulb-tube.  The  tube  a — previously  provided  with 
the  caoutchouc  stopper  h — is  first  connected  by  the  aid  of  a  good 
cork  with  the  corabustion  tube,  and  then  the  TJ-tube  c — having  been 
charged  with  tlie  proper  quantity  of  acid  from  a  Moiie's  burette 
— is  added.     At  the  tennination  of  the  combustion,  when  air  has 


*  Tills  is  indicated  by  the  wbite  color  which  the  mixture  r 
the  carbon  deposited  on  the  surtace  Is  oxidized. 
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t>ecii  drawn  tlirough  the  apparatoa,  the  tube  a  is  rinsod  into  the 
apparatus  o,  some  tincture  of  cochineal  added,  and  standard  alkali 
mn  into  the  tube  from  a  second  burette,  until 
the  acid  is  alnioet  neutralized.  Xow  pour  the 
contents  of  the  apparatus  into  a  beaker,  rinse 
with  water,  and  complete  the  neutralization.  With 
this  receiver  neither  receding  nor  spirting  it 
poBsible.  By  not  pooring  oat  the  fluid  till  the 
point  of  saturation  is  nearly  attained,  you  require 
lees  water  for  rinsing  the  tube.  This  method  is 
rapid  and  accurate. 

[From  the  results  of  a  critical  inrestigation  of 

pj    gg  this  method  by  Johnson  and  Jenkins*  the  fol- 

lowing facts  may  be  here  added ; 

1.  The  efficiency  of  the  "  sodar-lime"  mixture  described  §  66,  5, 
is  fully  confirmed.  It  is  easier  to  prepare  than  the  mixture  of  caus- 
tic lime  and  soda  (§  66,4)  formerly  used  for  tliis  purpose,  and  doe* 
not,  like  the  latter,  attract  moisture  readily  from  the  air,  and  is  not 
liable  to  swell  and  choke  the  tube  during  combustion. 

2.  Neither  the  highest  heat  possible  to  obtain  in  an  Erles- 
METGB  gas  combustion  furnace,  nor  a  long  layer  of  strongly  heated 
soda-lime,  nor  these  two  conditions  united,  occa^on  any  appreciate 
dissociation  of  the  ammonia  formed  in  combustion. 

3.  A  suitable  lengtli  of  the  anterior  layer  of  aoda-lime  must  be 
secured  in  order  to  get  a  good  result.  With  O'S  gram  of  sub- 
stances, such  as  are  encountered  in  agricultural  chemistry,  c(mtain- 
ing  less  than  8  per  cent,  of  nitrogen,  a  glass  tube  of  12  to  14  inebes 
is  long  enough.  As  the  content  of  nitrogen  increases  to  10  per 
cent  or  over,  the  tubes  should  be  made  several  inches  longer.  In 
tlie  combustion  of  dried  blood  or  egg-albumin  a  tube  20 — 25  inches 
long  is  preferred,  and  the  mixture  of  soda-lime  and  substiDce 
should  occupy  rather  less  than  half  the  tube,  a  layer  of  pure  soda- 
lime  of  12  or  more  inches  long  being  essential  for  perfectly  destroy- 
ing the  volatile  organic  matters. 

4.  The  long  anterior  layer  of  pure  soda-lime  must  be  brought 
to  ^fvU  red  heat  before  lieatiiig  the  mixture,  and  must  be  so  Icefi 
throughout  the  combustion, 

5.  No  fumes  or  tarry  matters,  indicative  of  incomplete  combos- 
tiou,  should  appear  in  bulb-tnbe  or  receiver. 

•J^port  of  Connecticut  Agr.  Exp.  StaUon,  J878,  p.  IIL 
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G.  When  the  combustion  proper  is  begnn  nnder  the  conditions 
above  described,  it  can  be  carried  on  qnite  rapidly  antil  completed. 
The  contents  of  the  tnbes  then  show  no  sign  of  Tinbtimed  carbon. 

7.  Equally  good  results  are  obtained  whether  the  mixture  is 
made  intimately  in  a  mortar,  or  more  ronghly  by  stirring  with  a 
spatnla  in  a  metallic  capsule  or  scoop,  or  by  mixing  in  the  tube 
with  a  wire.] 

Iron  gas  tabes  may  be  subBtituted  for  glass  tubes.  They  are 
closed  at  the  rear  with  a  cork,  carrying  a  bit  of  glass  tube  drawn 
out  to  a  sealed  tail.  The  mixture  is  confined  to  its  place  by  loose 
asbestos  plugs.  The  corks  are  kept  from  charring  by  wrapping  the 
end  of  the  tube  with  two  or  three  thicknesses  of  filter-paper,  which 
is  kept  wet  by  a  wash-fiask,  or  by  dipping  the  depending  end  into 
a  veesel  of  water.  The  tubes  should  be  45  cm.  long,  and  5  cm,  at 
each  end  should  project  from  the  fire  and  be  protected  with  wet 
paper. 

C  Analysis  of  Obqanio  CoMPouNua  contaihimq  SrLpmjK.* 


The  UBuai  method  of  determining  the  carbon  in  organic  bodies 
— viz.,  by  combustion  witli  oxide  of  copper  or  lead  chromate — 
would  give  results  too  high  in  the  analysis  of  compounds  contain- 
ing Bolphar,  since — more  especially  if  oxide  of  copper  is  used — a 
portion  of  the  sulphur  would  be  converted  in  the  process  into  sul- 
phurous acid,  which  would  be  absorbed  with  the  carbonic  acid  in 
the  potash  bulbs.  Cakiub  recommends  to  bum  substances  contain- 
ing sulphur  in  a  tube  60 — 80  cm.  long,  with  lead  chromate,  care 
being  taken  that  the  anterior  10 — 20  cm.,  which  contains  pore  lead 
chromate,  are  never  heated  above  low  redness.  The  lead  chromate 
may  be  need  again  three  or  fonr  times  without  refusion ;  and, 
finally,  if  treated  by  Vohl's  method  (p.  134),  it  is  just  as  fit  for 
use  as  if  it  had  not  been  employed  for  the  combustion  of  a  sub- 
stance containing  sulphur. 

The  presence  of  sulphur  demands  no  modification  in  the  pro- 
cees  described  §|  184  and  185  for  the  determination  of  nitrogen. 
In  mbstances -containing  o^gen  in  presence  of  sulphur,  the  oxygen 
is  eetimated  from  the  loss. 

[*  Wasken'b  method  of  determlaiag  carbon,  hydrogen,  and  sulphur  in  <mt 
operation  is  described  in  A.m.  Joum.  ScL,  voL  41,  Sd  «er.,  p.  40.] 
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Ab  regurda  the  estimation  of  the  sulphur  in  organic  compoomk 
that  element  is  invariably  weighed  in  the  form  of  bariain  snlptiate, 
into  which  it  may  be  converted  either  in  the  dry  or  in  the  wet  waj. 
a.  Methods  in  the  Dry  Way. 

1.  Method  suitable,  more  partieidarfy,  to  determine  the  svIjAvr 
in  no7tr^mJatile  Substances  poor  in  Sidphur,  e.g.,  in  the  »o-cdl'd 
Protein  ComjMunds  (v.  Liebio). 

Put  some  lumps  of  potassa,  free  from  Bulphuric  add  (§  66,  7,  c) 
into  u  capacious  silver  dish,  add  f  of  pure  potassinm  nitrate,  and 
fuse  the  mixture,  with  addition  of  a  few  drops  of  water.  When 
the  mass  is  cold,  add  to  it  a  weighed  quantity  of  the  finely  pul- 
verized substance,  fuse  over  the  Ump,  stir  with  a  silver  spatula, 
and  increase  the  heat,  continuing  the  operation  until  the  color  of 
the  mass  shows  that  the  carbon  separated  at  lir^t  has  been  com- 
pletely consumed.  Should  this  occupy  too  much  time,  you  maj 
accelerate  it  by  the  addition  of  potaasium  nitrate  in  small  portions. 
Let  the  ma^s  cool,  then  dissolve  in  water,  supersaturate  the  goId- 
tion  with  hydrochloric  acid  in  a  capacious  beaker  covered  willi  i 
glass  dish,  and  precipitate  with  barium  chloride.  "Wash  tlie  pre- 
cipitate well  with  boiling  water,  first  by  decantation,  then  on  the 
filter.  Dry  and  ignite.  Treat  the  ignited  barium  sulphate  u 
directed  p.  367;  if  this  latter  operation  is  omitted,  the  result 
is  almost  always  too  high. 

A  suitable  alcohol  lamp  is  preferable  to  a  gas  flame,  since  the 
latter  may  communicate  sulphur  to  the  fused  mass.  Ab  it  ts  by 
no  means  easy  to  obtain  the  required  reagents  perfectly  free  from 
sulplmr,  it  is  well  to  try  a  parallel  experiment,  using  the  Euue 
quantities  of  each  that  is  used  for  the  analysis,  and  if  an  appre- 
ciable amount  of  barium  sulphate  is  obtained,  make  the  necessan* 
correction  in  the  analysis. 

2.  Method  adapted  more  partictdarly  for  the  Analysis  ef-amt- 
volMile  or  difficultly  volatile  Substances  containing  more  than  J 
per  cent,  of  Sulphur  (Kolbe  *). 

Introduce  into  the  posterior  part  of  a  stjaight  combustion  tobe.+ 
40 — 45  em.  long,  a  layer,  7 — 8  cm.  long,  of  an  iutimate  mixture  of 
8  parts  of  pure  anhydrous  sodium  carbonate,  and  1  part  of  pure 

*  Bupplemcute  zi 
\  Sealed  ond  r<"- 
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potaBsiiim  chlorate ;  after  tliis  introduce  tbe  weighed  substance, 
tlieii  another  layer,  7  or  8  cm.  long,  of  the  same  mixture ;  mix  the 
organic  compound  intimately  with  the  Bodinm  carbonate  and  potas- 
sium chlorate,  by  menns  of  the  mixing  wire  (fig.  78,  p.  613);  fill 
up  the  still  vacant  part  of  the  tube  with  anhydrons  sodium  carbon- 
ate or  potassium  carbonate  mixed  with  a  little  potaeeium  chlorate. 
Clear  a  wide  passage  from  end  to  end  by  a  few  gentle  taps,  place 
the  tube  in  a  combustion  furnace,  heat  the  anterior  part  to  redness, 
and  then,  progressing  slowly  toward  the  posterior  part,  proceed  to 
surround  with  red-hot  charcoal  tlie  part  occupied  by  the  mixture. 
In  the  analysis  of  substances  abounding  in  carbon,  it  is  advisable 
to  introduce  into  the  posterior  part  of  the  tube  a  few  lumps  of 
pure  potassium  chlorate,  to  insure  complete  combustion  of  the  car- 
bon, and  perfect  conversion  into  sulphates  of  the  compounds  of 
potassa  with  the  lower  oxides  of  sulphur  that  may  have  formed. 
The  sulphuric  acid  in  the  contents  of  the  tube  is  determined  as  in  1. 

3.  Method  adapted  for  the  Analyeis  ioth  of  nonvolatile  and 
volatile  SitbataTuy^,  hit  more  especially  the  latter  (Debus*). 

Dissolve  149  parts  of  potassium  dichromate  purified  by  recrys- 
tollizatiou,  and  106  parts  anhydrous  sodium  carbonate  in  water, 
evaporate  the  solution  to  dryness,  reduce  the  lemon-colored  saline 
mass  to  powder,  heat  to  intense  redness  in  a  Uessian  crucible,  and 
transfer  still  hot  to  a  filUng-tube  (fig.  77,  p.  618).t  When  the 
powder  is  cold,  introduce  a  layer  of  it,  7 — 10  cm.  long,  into  a  com- 
mon combustion  tube ;  then  introduce  the  substance,  and  after  this 
another  layer,  7 — 10  cm.  long,  of  the  powder.  Mix  intimately 
by  means  of  the  mixing  wire,  then  fill  the  still  unoccupied  part  of 
the  tube  with  the  saline  mixture,  and  apply  heat  as  in  an  ordinary 
ultimate  analysis.  When  the  entire  mass  is  heated  to  redness, 
conduct  a  slow  stream  of  dry  oxygen  gas  over  it  for  \ — 1  hour. 
When  cold,  wipe  the  ash  off  the  tube,  cut  the  latter  into  several 
]>iece6  over  a  sheet  of  paper,  and  treat  them  in  a  l)eaker  with  a  suf- 
Scient  quantity  of  water  to  dissolve  the  saline  mass.  Add  hydro- 
chloric acid  in  tolerable  excess,  then  some  alcohol,  and  apply  a 

•  Annal.  d.  Chem,  u.  Plinrm.  76,  90. 

f  The  saline  masa  laust  always  flrat  be  tested  for  aulphiir.  For  tbis  purpose 
a  BEoall  portion  of  it  is  reduced  wllh  hydrochloric  acid  nnd  alcolKil,  barium 
chloride  added,  aod  the  mixture  allowed  to  Btand  18  hours  at  rest.  No  trace  of 
a  precipitate  should  be  discernible. 
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gentle  licat  mitil  the  eolution  shows  a  beautiful  green  color;  filter 
off  the  chromic  oxide  produced  by  the  combustion  (this  contains 
siilpliuric  acid) ;  wash  first  with  water  containing  Iijdrochlorie 
acid,  then  witli  alcohol,  dry,  and  transfer  to  a  platinum  crucible: 
add  the  filter-ash,  mix  with  1  part  of  potaeeium  chlorate  and  2 
parts  of  potassium  (or  sodium)  carbonate,  and  ignite  until  the 
climmic  oxide  is  completely  converted  into  alkalin  cbromate.  Dis- 
solve the  fused  mass  in  dilute  hydrochloric  acid,  and  reduce  by 
heating  with  alcohol ;  add  the  solution  to  the  fluid  filtered  from 
the  chromic  oxide,  heat  the  mixture  to  boiling,  and  precipitate  the 
sulphuric  acid  with  barium  chloride.  Debcs's  test-analyses  were 
very  satisfactory ;  thus  he  obtained  9976  and  99'50  of  sulphur  for 
100,  again  30'2  of  sulphur  in  xanthogenaniide  for  30'4,  &c. 

4,  Method  equally  adapted  for  the  Analyeui  of  Solid  and 
Liquid  Volatile  Comj>mind«.  ("W.  J.  Rcbbell;*  su^ested  by 
Buns  EN.) 

Introduce  into  a  combustion  tube,  40  cm.  long,  sealed  at  the 
posterior  end,  first  2 — 3  grm.  pure  mercuric  oxide,  then  a  mistnre 
of  equal  parts  of  mercuric  oxide  and  pure  anhydrous  sodimn  car 
bonate,  mixed  with  the  substance,  and  fill  up  the  tube  with  sodiaiii 
carbonate  mixed  with  a  little  mercuric  oxide.  Connect  the  open 
end  of  the  tube  with  a  gas  delivery  tube  dipping  under  water,  ti> 
effect  the  condensation  of  the  mercurial  fumes.  Place  a  screen  in 
front  of  the  part  of  the  tnbe  occupied  by  the  substance,  then  heat 
the  anterior  part  to  bright  redness,  and  maintain  this  temperature 
during  the  entire  process.  At  the  same  time,  heat  another  portion 
of  the  tube,  nearer  to  the  end,  but  not  to  the  same  degree  of  inten- 
sity, 80  that  there  may  be  alternate  parts  in  the  tube  in  which  the 
mercuric  oxide  is  left  undecomjKised.  When  the  part  before  the 
screen  is  at  bright  redness,  remove  the  screen,  heat  the  mixtiire 
containing  the  substance,  regulating  the  application  of  heat  so  as 
to  insure  complete  decomposition  in  the  coni-se  of  10 — 15  minutes, 
and  heat  at  the  same  time  the  still  unhealed  parts  of  the  tube,  md 
lastly  also  the  pure  oxide  of  mercury  at  the  extreme  end.  The 
gas  must  be  tested  fi'om  time  to  time,  to  ascertain  whether  it  eon- 
tains  free  oxygen.  UissolTe  tlie  contents  of  the  tnbe  in  water, 
add  some  mercuric  cliloride  to  decompose  the  sodium  sulphide 
which  may  have  formed,  acidify  with  hydrochloric  acid,  oxidiietl"' 

•  Quart.  Journ.  Chem.  Soc.  7.  218. 
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tnercoric  solphide  which  maj  havo  formed  with  potaseiaiu  chlo- 
rate, and  finally  precipitate  the  Bulpharic  acid  with  oariutn  clilo- 
ride.  W.  J.  RuBSELL  obtained  by  this  method  very  satiBfactor}' 
results  in  the  analysis  of  pure  eulphnr,  potaasium  BuJpIiocyanate, 
and  carbon  dieulplude. 

h.  Method  in  the  Wet  Way* 

According  to  Rrvox,  Bekdamt,  and  DAGUiN,t  the  sulphur  in 
organic  compounds  may  be  readily  determined  by  lieating  with 
pure  solution  of  potassa,  adding  2  volumes  of  water  and  conducting 
chlorine  into  the  fluid.  Wlien  the  oxidation  is  effected,  the  solu- 
tion is  acidified  and  freed  from  the  excess  of  chlorine  by  applica- 
tion of  heat,  then  filtered,  aud  the  filtrate  precipitated  by  barium 
chloride.  Mr.  C.  J.  Merz,  in  my  laboratory,  has  employed  both 
this  method  and  v.  Liebig's  {a,  1)  in  the  analysis  of  fine  horn 
slmTings.     This  process  appears  convenient  and  exact.^ 

Substances  leaving  an  ash  on  incineration,  and  which  may  there- 
fore be  presumed  to  contain  salphates,  are  boiled  with  hydrochloric 
acid ;  the  solution  obtained  is  filtered,  and  the  filtrate  tested  with 
barium  chloride.  If  a  precipitate  of  barium  sulphate  forms,  the 
sulphur  contained  in  it  is  deducted  from  the  quantity  found  by 
one  of  the  methods  described  above ;  the  difference  gives  the  quan- 
tity of  the  sulphur  which  the  analyzed  substance  contains  in  oiganic 
combination. 

[o.  Methods  dependiiig  on  OoTTihuation  in  a  OurreTU  of 
Ovygan. 
When  organic  compounds  containing  sulphur  are  bnmed  in  a 
current  of  oxygen  gas  in  a  combustion  tube,  usually  not  only  SO, 
or  sulphuric  acid,  but  SO,  also  is  formed.  Additional  means  of 
completing  the  oxidization  of  the  sulphur  and  absorbing  the  sul- 
phuric acid  are  required.  Several  methods  have  been  proposed  and 
used  for  attaining  the  desired  end.  0.  M.  WARBEsg  eoudncts  the 
products  of  combustion  over  heated  lead  dioxide,  thus  obtaining 

[•  For  tbo  excellent  processes  of  Oarius,  see  AnnaL  d.  Chem.  u.  Pbann.  llfl, 
11.} 

f  Comp.  rend.  1608,  880;  Joum.  f.  p»kL  Ctaem.  81.  IBB. 

X  Two  experiments  were  made  nilh  each  method,  oa  horn  dried  aX  100*.  The 
percentages  obtained  were  as  follows:  By  v.  Liebig's  method,  887  and  8*84S; 
b;  the  present  method.  8-31  aodSSS. 

g  Zeitachi.  f.  anal.  C^iem.  5,  169. 
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lead  Bulphate  mixed  with  lead  dioxide.  Bbuqlehakk  *  coadodf 
the  products  of  cotnbuetion  over  quicklime  (or  eoda-lime),  obtao- 
ing  calcium  Bulplmte  mixed  with  quicklime.  MiXTERf  iis€£  bro- 
mine and  water  to  complete  the  oxidization  and  absorb  the  sulplin- 
ric  acid.  SauebI^  ^^^  ^'^  brotiiiue  (a  hydrochloric  Eolution)  for 
the  same  purpose. 

These  methods  are  applicable   to  all  claeses  of  organic  com- 
ponndfi  containing  sulphur.    The  two  last  mentioned  poesees  the 


Pig.  100. 

advantage  that  the  sulphur  is  obtained  as  free  sulphuric  acid  in  a 
solution  containing  no  fixed  matter,  and  consequently  in  a  con- 
dition to  be  easily  and  accurately  determined. 

•  Zeitschr.  f.  anal.  Chem.  15. 1.  and  15. 175. 

t  American  Jour,  Sri,  and  ,\rl8,  iv.  90. 

t  ZeiUclir.  f.  anal.  Chcm.  13,  32,  and  13, 17& 
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1.  Mecteb'b  method  is  described*  as  follows; 

Tlic  appfiratiis  (fig.  100)  is  designed  to  effect  the  combustion  in 
a  coniiiied  volume  of  gas ;  a.  device  resorted  to  on  accoaut  of  the 
difficulty  of  completely  oondeuBing  by  liquid  absorbents  in  U-tubes 
the  dense  white  fumes  of  sulphuric  acid  produced  by  combustion. 
The  bottle  (a)  has  a  capacity  of  from  4  to  10  litres,  according  to 
the  amount  of  oxygen  required.  The  neck  shonld  be  large  enough 
for  a  stopper  35  to  40  mm.  iu  diameter.  The  condenser  h  is  made 
of  rather  thin  tubing  14  mm.  iu  diameter ;  at  the  upper  end  it  is 
expanded  to  a  bulb  in  order  to  admit  some  motion  to  the  tube  e  d. 
Below  the  bnlb  it  is  surrounded  by  a  water-jacket  22  cm.  high : 
from  the  point  where  it  enters  the  stopper  of  the  bottle  it  is  nar- 
rowed somewhat  for  convenience  of  fitting.  The  combustion  tube 
c  dis  made  of  hard  glass  of  12 — 15  mm.  internal  diameter ;  the 
portion  c  is  18  cm.  from  curve  to  curve,  and  is  protected  by  a 
sheet-iron  trough  lined  with  asbestos ;  the  part  d  is  from  85  to  45 
cm.  ill  length.  The  wire  attached  at  I  is  to  sustain  c  in  case  d 
breaks ;  c  is  joined  to  J  by  a  collar  of  black  rubber.  The  U-tnbe  e 
is  connected  with  dhy  a.  rubber  collar  drawn  over  the  latter  at  k ; 
this  U-tuhe  is  slightly  inclined,  that  no  liquid  may  run  against  the 
rubber  connectors.  The  tube  y  connects  a  with  e ;  it  is  narrowed 
;it  both  ends  to  10  mm.  diameter.  Near  the  upper  end  it  is  jointed 
by  a  piece  of  black-rubber  tnbiug  in  order  that  the  apparatus  may 
be  easily  diBConnected  at  k.  The  ends  of  ^  extend  2  cm.  or  more 
beyond  the  stoppers.  Through  the  rubber  stopper  i  a  small  glass 
tube  passes  beyond  the  end  of  J^,  where  it  is  narrowed  to  an  open- 
ing of  1  mm.  The  double  bulb  tube^  is  to  accommodate  varia- 
tions of  pressure,  and  to  admit  air  as  the  original  volume  of  gas 
diminishes  during  the  combustion.  Thetnbes  J,  c,  d,  and /should 
at  no  point  have  an  internal  diameter  less  than  8  mm. — 10  mm.  is 
preferable — and  the  narrowed  ends  shonld  be  cut  obliquely  tlmt 
drops  of  water  may  not  obstruct  the  circulation.  The  rubber  stop 
pern  and  connections  should  be  freed  from  adhering  sulphur  by 
heating  in  a  solntion  of  soda.  The  joints  of  the  apparatus  are  suf- 
ficiently tight  when  water  will  stand  in  one  limb  of  the  safety  tube. 

The  bottle  a  is  filled  over  water  with  oxygen,  and,  if  necessary, 
rinsed  with  distilled  water ;  a  few  drops  of  bromine  are  poured  in, 
the  tubes  adjusted,  and  a  slow  stream  of  water  made  to  flow  through 

"  American  Joor.  Sci.  and  Arts,  iv.  BO. 
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the  water-jacket  The  assay,  if  not  volatile,  ia  introduced  into  the 
tube  li  in  a  platinam  tray,*  which -shonld  not  fill  more  thss  half 
the  here  of  d,  leaving  apace  enongh  for  the  free  circnlation  of  the 
oxygen.  The  part  e  ia  gradually  heated  and  kept  hot  dnring  the 
combustion.  This  hot  inclined  tnbe  acts  as  a  chimney ;  the  heated 
gaseB  rise  in  it,  pass  into  the  cold  tube  h  and  fall,  thns  causing  a 
constant  stream  of  gaa  to  paaa  over  the  assay.  It  is  important  to 
ignite  the  assay  without  distilling  o£E  any  considerable  portion. 
To  do  this  a  small  splinter  of  wood  may  be  placed  in  contact  with 
that  part  of  the  substance  nearest  I,  or  that  end  of  the  tray  nuj 
hold  a  thin  layer  of  the  assay,  which  is  heated  as  rapidly  as  eafety 
allowB  by  a  lunp  held  in  the  hand.  To  insure  a  full  supply  of  ^ 
in  the  tube  d  at  the  commencement  of  tlie  combustion,  ox>'gen  \> 
passed  from  a  gasometer  through  the  tube  i  till  the  white  fame 
which  appears  in  the  condenser  h  passes  into  a.  The  prodncu  oi 
combustion  being  denser  fall  to  the  bottom  of  the  bottle,  and  for  a 
while  displace  the  oxygen,  thus  increasing  the  circulation.  After 
the  substance  is  ignited,  the  fire  passes  to  the  other  end  of  the  traj. 
The  part  of  the  tube  about  the  tray  is  heated  by  a  lamp  as  is  re- 
quired to  keep  np  the  combustion.  At  the  end  of  the  operation 
tJie  heat  is  increased.  If  drops  of  liquid  collect  in  c,  and  are  liable 
to  run  down  to  the  hotter  parts  of  the  tube,  they  shonld  be  driven 
off  by  heat.  If  carbonic  acid  be  the  principal  product  of  the  com- 
bustion, there  is  little  change  in  the  volume  of  gasee  in  the  aj^- 
ratus ;  but  if  water  and  sulphnric  acid  are  formed  in  much  quantity, 
the  volume  is  diminished  and  air  enters  through  the  saf^y 
tnbe. 

Most  solid  Bubetances  heated  alone  in  the  open  tray  yield  toU- 
tile  products  too  rapidly  for  entire  combustion,  but  if  mixed  vitit 
sand  in  suitable  proportion  they  bum  slowly  and  completely. 
Liquids  should  be  endosed  in  narrow  tubes  sealed  at  one  end  and 
drawn  out  at  the  other  to  a  capillary  bore  for  two  or  three  indi« 
of  length.  Upon  the  point  of  the  tnbe  a  bit  of  platinum  spou^ 
is  fixed  to  assist  the  oxidation.  The  liquid  shonld  not  £11  more 
than  two  thirds  of  the  wider  part  of  the  tube. 

Before  introducing  very  volatile  substances,  the  10  cm.  of  llie 

"  A  platinum  tray  which  answers  well  may  be  nude  10  to  20  cm.  long,  10  mi* 
wide,  &nd  7  to  10  mm.  deep  by  bending  ihin  foil  over  a  gliM  tube.  IV  u>di 
may  be  roughly  bent  together  or  left  open. 
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combufltioD  tube  I  d  ehoald  be  heated  to  dnll  redness.  Ozjgeu  is 
passed  in  at  i,  the  tabes  are  disjointed  at  h,  and  the  tnbe  holding 
the  aaeay  is  then  pushed  in,  till  the  platinum  just  reaches  the  heated 
zone.  The  apparatus  being  connected  at  k,  slow  volatilization  of 
the  liqnid  is  effected  hj  cautioaslj'  applying  a  flame  under  the 
empty  portion  of  the  tube  containing  the  substance,  eo  as  to  main- 
tain the  platinum  sponge  in  a  steady  glow.  As  soon  as  a  cloud  of 
combnstion-producta  appears  in  the  vessel  a,  oxygen  is  shut  off 
from  i.  When  all  the  liquid  haa  distilled  from  the  interior  tube, 
the  tnbe  cd  ia  cooled  slowly  and  the  apparatus  is  left  for  two 
hoars  or  until  the  fume  has  entirely  subsided.  If  no  odor  of  bro- 
mine be  perceptible  when  the  apparatus  is  disconnected  at  jfe  to 
remove  the  tray  or  tube,  a  few  drops  of  it  should  be  poured  through 
a  funnel-tube  put  in  the  place  of  ^',  and  the  whole  allowed  to 
stand  some  time  to  insure  complete  oxidation  of  the  milphnr-com- 
ponnda  and  deposition  of  the  sulphuric  acid. 

The  tubes  d  and  e  are  then  rinsed  into  a  beaker,  this  water  is 
poured  into  b,  which  is  then  thoroughly  washed  by  the  aid  of 
the  wash-bottle ;  the  large  rubber  stopper  ia  lifted  from  the  bottle 
and  the  lower  part  of  h  rinsed ;  witiiout  removing  the  tube^  from 
the  stopper,  it  is  rinsed  into  a  beaker,  and  iinally  the  bottle  is  care- 
fnUy  washed.  The  solution  obtained,  which  need  not  exceed  500 
c  c.,  is  evaporated  to  a  small  volume,  filtered  if  necessary,  and  the 
BtUphuric  aeid  is  determined  by  precipitation  with  barium  chloride, 
observing  all  precautions  mentioned  in  §  133,  1.  In  case  the  sub- 
stance leaves  an  ash  or  residue  in  the  tray,  this  must  be  dissolved 
in  aqua  regia,  the  nitric  acid  removed  by  evaporation  with  strong 
cblorhydric  acid,  and  any  sulphuric  acid  it  may  contain  separated  in 
the  oenal  manner.  In  the  use  of  this  apparatus  there  is  no  danger 
from  explosioQB  if  care  be  taken  to  have  the  combustion  tube  hot 
enough  to  ignite  combustible  vapor.  Before  attempting  to  bum  a 
Bnbstauce  in  the  apparatus,  it  is  best  to  try  it  in  a  large  inclined 
tube  open  at  both  ends,  or  with  oxygen  supplied  at  the  lower  end. 
Such  a  preliminary  trial  will  usually  indicate  the  precautions  necee- 
eary  in  burning  the  substance  in  the  apparatus. 

For  the  determination  of  sulphur  in  substances  rich  in  sulphur, 
•5  to  '75  grm.,  requiring  about  4  litres  of  oxygen,  may  be  used. 
When  but  httle  sulphur  is  present,  a  combustion  of  2'  gnus,  may 
be  effected  with  8  litres  of  oxygen.    Eztemal  heat  is  best  applied- 
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to  the  part  of  the  tnbe  containing  the  anbetance  by  a  Bonaen  bumer 
held  in  the  hand.  The  length  of  time  required  for  the  actul  com 
bnstion  eeldom  exceeds  20  minutes. 

This  method  gives  very  accurate  reanlts. 

3.  Saueh's  Method,  madi^sd  by  Mecter.* 

a.  If  the  suietance  gvoe«  off  hut  UiUe  volatile  matter  on  heat- 
ing, e.g.,  coke,  emthracite  coal,  t&c. 

A  combnstion  tube  80  to  40  cm,  in  length  is  drawn  out  quite 
narrow  at  one  end,  and  the  drawn  out  narrow  part  is  bent  down- 
-ward  at  a  right  angle  and  fitted  by  means  of  a  perforated  stoppa 
into  the  tJ-tube  A,  fig.  101,  contaimDg  aqueous  solution  of  t»i> 


Kg.  loa. 

mine  and  also  a  large  drop  of  undissolved  bromine.  The  g^olrale 
of  broiriine  is  made  to  rest  at  the  point  f  by  giving  the  apparatus 
a  suitable  inclination.  The  combustion  tube  is  laid  in  a  combue- 
tion  furnace,  and  the  substance  contaiDed  in  a  tray  is  pndied  inW 

■Am.  Jouin.  Cliem.,  3,  3H. 
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the  open  end  about  15  cm.  This  end  is  then  closed  with  a  stop- 
]>er,  thi-ongh  which  passes  a  glass  tnbe.  Pure  oxygen  gas  is  then 
.ronducted  into  the  combustion  tube,  and  the  part  containing  the 
tray  is  heated  to  redness.  If  during  the  process  the  bromine  in 
t^lntion  becomes  nearly  exhansted  by  the  action  of  sulphurous 
iicid,  a  portion  of  the  nndissolved  globule  is  shaken  over  into  the 
narrow  part  e  of  the  U-tube,  where  it  is  rapidly  diseolved  by  the 
agitation  cansed  by  the  passing  gas-bubblea.  In  order  to  complete 
tlie  condensation  of  fumes  of  salphuric  acid  whicli  may  pass 
tlirongh  the  F-tnbe,  they  are  conducted  by  means  of  the  tube  g 
to  the  bottom  of  the  bottle  B,  which  has  a  capacity  of  abont  8 
litres.  The  lK>ttom  of  the  bottle  should  be  barely  covered  with 
water.  Daring  the  process  of  combustion  a  clond  of  fumes  may 
be  observed  in  the  lower  part  of  the  bottle,  while  the  air  in  the 
upper  part  remains  perfectly  clear.  After  combustion  is  com- 
pleted, the  tnbe  g  is  removed,  and  the  bottle  with  its  mouth  closed 
is  allowed  to  stand  tiutil  the  visible  fnmes  are  absorbed.  The  cora- 
bnstion  tnbe  Ib  rinsed  to  remove  sulphuric  acid  which  may  have 
condensed  in  tlie  part  near  the  U-tube.  The  rinsings  are  added  to 
tlie  nnited  solutions  obtained  in  A  and  B.  The  solution  contain- 
ing the  Bulphnric  acid  is  now  heated  to  remove  free  bromine,  and 
concentrated  if  the  volnme  appears  too  great.  The  sulphuric  acid 
ill  it  is  determined  as  in  the  similar  solution  obtained  by  the  pro- 
cess described  above  in  1. 

If  the  operator  cannot  procnre  a  U-tube  of  the  form  represented 
by  A,  the  more  common  form  8liownbyfig.99maybeuBed.  In  that 
cjise  it  is  best  to  use  a  saturated  solntion  of  bromine  in  hydrochloric 
acid,  of  which  the  U-tube  should  contain  12  to  15  c  c  when  filled 
to  extent  indicated  in  iig,  99.  On  account  of  the  small  volume  of 
li<iuid  which  can  be  need  in  such  tube,  an  aqneotis  solution  would 
hardly  suffice.  The  free  hydrochloric  acid  should  be  neariy  all 
removed  by  evaporation  from  the  final  solution  of  sulphuric  acid 
before  proceeding  to  precipitate  the  latter  with  barium  chloride. 

If  inorganic  matter  remains  in  the  tray  after  completing  the  com- 
bustion, it  is  to  be  treated  as  directed  in  c,  1. 

yS,   The  substance  gives  off  volatile  matter  at  a  high  temperature. 

A  combustion  tube  abont  85  cm.  long,  narrowed  at  the  point 
indicated  by  c  in  fig.  102,  is  employed.  Having  introduced  the 
Hubetance  in  a  tray  (or  if  volatile  at  the  ordinary  temperature  in 
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buib  tube  with  capillar^  orifice),  the  narrow  part  of  the  eombns- 
tion  tube  and  also  a  portion  beyond  extending  to  within  10  or  15 
cm.  of  the  end  entering  the  U-tnbe  ie  heated  to  dull  redness  in  :i 
combustion  furnace.  Oxygen  gas  is  now  condncted  hj  tneans  i>l 
the  hard  glass  tube  a  to  the  point  c  beyond  the  tray.  At  tlie  same 
time  a  very  alow  corrent  of  carbon  dioxide  is  made  to  enter  thrwigh 
the  tube  b  in  order  to  prevent  vapors  from  receding.  Now,  h\  a 
cautions  application  of  heat  the  volatile  matter  in  the  tray  is  first 
distilled  oS  and  homed  by  the  ctmstantly  eapplied  corrent  of  oit- 
gen.  Next  the  combustion  of  any  fixed  residue  remaioing  in  tlie 
tray  is  effected  by  transferring  the  supply  of  oxygen  from  a  to  h, 
and  that  of  carbon  dioxide  from  ft  to  a.  The  only  ose  of  cariwfl 
dioxide  at  this  stage  is  to  prevent  {Hxtducts  of  oombnetion  &om 
entering  the  tube  a.  The  combustion  tube  during  the  proceee  k 
connected  with  the  same  absorbing  appanitns  as  need  In  2,  or.  The 
remaining  part  of  the  process  is  also  condncted  aa  in  2,  cr. 

MixTER*  obtained  quite  satisfactory  results  with  this  process 
When  very  volatile  eobstances,  e.ff.y  carbon  disnlphide,  are  to  be 
burned,  it  is  necessary  to  apply  heat  very  caotionsly  to  the  part  of 
the  tube  containing  the  substance,  so  that  the  fiame'prodooed  b? 
the  meeting  of  the  combustible  vapor  with  oxygen  shall  be  a  fev 
millimetres  book  of  the  end  of  the  tube  delivering  the  oxygen.] 

D.    DeTEEMINATIOK  of   PhOSPHOBDS   in  ObOASIO   CoMPOCinB. 

§  187. 

The  phosphoms  in  organic  compoands  ia  determined  by  methods 
similar  to  those  employed  for  determination  of  snlphor  in  organic 
compounds,  i.e.,  the  organic  substance  is  oxidized  either  in  the  wet 
or  dry  way,  and  a  solution  is  obtained  in  which  the  phosphoric  acid 
formed  by  oxidization  is  determined. 

For  oxidation  the  methods  given  in  §  186,  1,  2,  4,  ars  suit- 
able. 

From  the  solution  obtained  phosphoric  acid  is  precipitated, 
either  directly  with  ammonium  chloride,  magnesium  chloride,  and 
ammonia  mixture,  or  with  molybdie  acid  solution,  after  removing 
hydrochloric  acid  by  repeated  evaporation  with  nitric  acid. 

The  phosphorus  cannot  be  determined  by  incineration  of  the 
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Bubetanoe  and  examination  of  the  aeh.  Vitellin,  which  wLen 
treated  with  nitric  acid  gives  8  per  cent,  of  plioephoric  acid,  yields 
barely  0-3  per  cent,  of  ash  (V.  Bauhhaubb). 

If  ft  eubetaBce  contains  phoephorne  both  in  an  uooxidized  stato 
and  in  the  form  of  phosphatea,  treat  a  separate  portion  with  hydro- 
chloric acid,  filter  if  necessary  and  deteniiine  the  phoephorie  acid 
in  the  solution.  Tlie  quantity  thus  found  is  dedocted  from  the 
total  phosphoric  acid  found  in  the  portion  anbtnitted  to  oxidation 
in  order  to  find  the  amount  which  existed  In  the  compound  in  an 
nnoxidized  state. 


K.  Ajrjj.T8i0  OF  Oboanic  Substances  oontaihiho  Cmjoaasnt, 

BbOHIHE,   OB   lODINK. 


Sui«taw)9$  eonttanmg  Bromine  and  Iodine  are  analysed  geita- 
TnUy  in  the  same  manner  as  tioae  eontmning  CJUorins. 

Those  portions  of  Hia  foUowing  %  whick  a^t  endoaed  between 
aguare  brackets  refer  exctusioely  to  oombinations  of  lodiste  or  Bro- 
mine, as  the  case  ma/y  ie. 

The  combnation  of  organic  substances  containing  chlorine  with 
oxide  of  copper  gives  rise  to  the  formation  of  cuprous  chloride, 
which,  were  the  process  conducted  in  the  osnal  manner,  would 
eondenee  in  the  calcium  chloride  tube,  and  would  thus  vitiate 
the  determination  of  the  hydrogen.  This  and  every  other  error 
may  be  prevented  by  the  employment  of  lead  chromate  (|  177). 
The  chlorine  is,  in  that  case,  converted  into  lead  chloride,  and 
retained  in  that  form  in  the  combustion  tube. 

If  the  combustion  is  effected  with  oxide  of  copper  in  a  current 
of  oxygen,  the  cnprons  chloride  is  decomposed  by  the  oxygen,  oxide 
of  copper  and  free  chlorine  being  formed  ;  the  latter  is  retained 
partly  in  the  calcium  chloride  tube,  partly  in  the  potash  bulbs.  To 
remedy  this  defect,  STAensLBB*  proposes  to  fill  the  anterior  part 
of  the  tnbe  with  clean  copper  turnings;  these  must  be  kept  red-hot 
during  the  combustion,  and  the  current  of  oxygen  must  be  arrested 
the  moment  they  begin  to  oxidize.  K,  KBAurf-  observes  with  ref- 
erence to  this  process  that  it  is  well  to  place  a  roll  of  silver  foil, 
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about  5  inches  long,  in  front  of  the  layer  of  metallic  copper.  In 
the  absence  of  the  eilver  the  transmiseion  of  oxygen  has  to  be  con- 
ducted with  caution,  in  order  that  no  chlorine  may  be  expelled 
from  the  cuprous  chloride  first  formed,  but  by  adopting  Kbact's 
recommendation  we  may  continue  pasBing  the  gas  without  fear  till 
it  escapes  free  from  the  potash  tube.  [In  the  case  of  substances 
containing  iodine,  it  is  needleBs  to  employ  metallic  copper  as  veil 
as  silver  foil.]  The  silver  may  be  used  over  and  over  again,  but 
at  last  requires  ignition  in  a  stream  of  hydrogen.  According  lu 
A.  VoLCKKE,*  tlie  evolution  of  chlorine  may  be  prevented  by  mis- 
ing  the  oxide  of  copper  with  ^  lead  oxide. 

[In  the  analysis  of  bodies  contuning  bromine  the  above  methods 
do  not  always  answer,  v.  Gobcp-Be8A1IEZ+  satisfied  liimself  of  tR' 
by  analyzing  dibromotyrosin.  Whether  this  body  was  burnt  wilL 
lead  chromatc,  with  a  mixture  of  lead  chromate  and  potassiom  chro- 
mate,  with  oxide  of  copper  and  oxygen  and  an  anterior  layer  of 
lead  chromate,  with  an  anterior  layer  of  copper  turnings,  whetLer 
mixed  or  in  the  ptatinnm  boat,  in  whichever  way  the  analysis  waa 
pei-formed  the  carbonic  acid  always  came  out  several  pernjents.  t*» 
low,  because  metallic  bromide  was  formed,  which  fused  and 
enclosed  carbon,  thereby  preventing  its  oxidization.  The  following 
process,  on  the  contrary,  yielded  good  results :  Into  a  combustion 
tube  drawn  out  to  a  long  point,  introduce  first  a  three-inch  layer  of 
oxide  of  copper,  then  a  plug  of  asbestos,  then  a  mixture  of  the  sub- 
stance (finely  powdered)  with  about  an  equal  weight  of  well-diied 
lead  oxide  in  a  porcelain  boat ;  again  a  plug  of  asbestos,  then  gran- 
ulated oxide  of  copper,  then  lead  chromate  or  copper  turnings. 
First  heat  the  anterior  and  then  the  posterior  layers  to  ignition, 
and  warm  the  part  where  the  boat  is  very  cautiously  and  gradu- 
ally ;  everything  combustible  distils  over,  arrives  at  the  oside  of 
copper  in  the  form  of  vapor,  and  is  there  burnt.  In  the  boat  noth- 
ing remains  but  a  mixture  of  lead  bromide  and  oxide.  Complete 
the  combustion  with  oxygen,  taking  care  not  to  heat  the  point 
whore  the  boat  is  too  strongly,  nor  continue  the  transmission  of 
oxygen  longer  than  necessaiy.  Observe  also  that  no  copper  bnnnide 
sublimes  into  the  calcium  chloride  tube.] 

As  regards  the  determination  of  the  chlorine  itself,  this  is  usu- 
ally effected  either  (a)  by  igniting  the  substance  with  alkalies  or 

•  Cbetn.  Qaz.  1840,  340,  30.  t  Zeitacbr.  f.  anaL  Cbem.  1,  4Nl 
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alkali-earthe,  hy  wliicli  proccee  all  tlie  chlorine  is  obtained  as  chlo- 
ride, or  (5)  by  oxidizing  the  substance  with  nitric  acid,  &c.,  in  a 
scaled  tuba 

a.  As  clilorine-free  lime  is  easily  obtainable  (by  bnrning  mar- 
ble), this  body  is  usually  preferred  to  effect  the  decomposition.  It 
iiiDSt  always  be  tested  for  chlorine  previous  to  use. 

Litroduce  into  a  combustion  tube,  about  40  cm.  long,  the  pos- 
terior end  of  wliich  is  sealed  and  rounded  like  a  test  tube,  a  Uyer 
of  lime,  6  cm.  long,  then  the  substance,  after  tliis  another  layer  of 
lime,  6  cm.  long,  and  mix  with  the  wire;  fill  the  tube  almost  to  the 
mouth  with  lime,  clear  a  free  passage  for  the  evolved  gases  by  a 
few  gentle  taps,  and  apply  boat  in  the  nsual  way.  Volatile  fluids 
are  introduced  into  the  tube  in  small  glass  bulbs.  When  the  decom- 
position is  terminated,  dissolve  in  dilute  nitric  acid;  and  precipitate 
with  solution  of  silver  nitrate  (§  141).  Kolbe  recommends  the  fol- 
lowing process  to  obtain  the  contents  of  the  combustion  tube ; — 
When  the  decomposition  is  completed,  remove  the  charcoal,  insert 
a  cork  into  the  open  end  of  the  tube,  remove  every  particle 
of  ash,  and  immerse  the  tube,  still  hot,  with  the  sealed  end 
downwards,  into  a  beaker  filled  two-thirds  with  distilled  water; 
the  tube  breaks  into  many  pieces,  and  the  contents  are  then  more 
readily  acted  upon.  As  in  this  method  the  ignition  of  componnds 
abounding  in  nitrogen  may  be  attended  with  formation  of  calciom 
cyanide  or  sodium  cyanide,*  the  separation  o£  the  silver  chloride 
and  the  cyanide,  if  required,  is  to  be  effected  by  the  process  given 
in  §  169,  6,  b  (Nbdbadbb  and  KEENEnf).  [In  determining  iodine 
by  this  method,  a  little  iodine  set  free  by  action  of  nitric  acid  must 
be  converted  in  hyriodic  acid  by  addition  of  a  little  sulphurous 
^  acid  before  precipitating  with  silver  nitrate.]  In  the  analysis  of 
acid  organic  compounds  containing  chlorine  {e.g.,  chlorospiroylic 
acid),  the  chlorine  may  often  be  determined  in  a  simpler  manner, 
viz.,  by  dissolving  the  substance  under  examination  in  an  excess  of 
dilute  solution  of  potassa,  evaporating  to  dryness,  and  igniting  the 
residue,  by  which  means  the  whole  of  the  chlorine  present  ie  con- 
verted into  a  soluble  chloride  (Liiwio). 


*  The  fOrmatioD  of  cjaoidea  may  be  prevenled  hj  uriog,  instead  of  lime,  % 
V  of  lime  and  soda,  oblaioed  by  slaUng  8  parts  quicUime  in  &  solution  of 
1  part  sodium  hydmiide  (free  from  chlorine)  and  hcatiog  tbe  mixture  to  dryness 
In  a  silver  dish.    Bote  Handb.  dtr  AnaL  Ofwra.,  Ba.  6  bg  Fin/i«tt«r,  il.  786. 

\  Annal.  d.  Chem.  u.  Pharm.  101.  824,  844. 
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h.  In  more  readily  deoomposable  compoundB,  e.ff.,  in  tlie  Bnb> 
stitntion  products  of  acids,  the  halogen  may  also  be  detennined  b; 
decomposing  tlie  substance  by  contact  during  several  bonn  with 
water  and  sodium  amalgam,  acidifying  tbe  fluid  with  nitric  KJd, 
and  precipitating  with  silver  solution  (KfiEiTLi*). 

I         F.   AsALTSia  OF  ObOANIO   CoUPODHDS  OOHTAOnHO  iNORaAHHl 

Bodies. 
§189. 

In  the  analysis  of  organic  compounds  containing  inorguiic 
bodies,  it  is,  of  course,  necessary  first  to  ascertain  the  quantity  of 
the  latter  before  proceeding  to  the  determination  of  the  carbon, 
tfec,  as  otherwise  the  amount  of  the  organic  body  whose  constia- 
ents  hare  furnished  the  carbonic  acid,  water,  i&c.,  not  being  knoTD, 
it  would  be  impossible  to  estimate  tlie  oxygen  from  the  lost 

If  the  substances  in  question  are  salts  or  similar  componoik 
their  basic  radicals  are  determined  by  the  methods  given  in  ibc 
Fourth  Section ;  but  in  cases  where  l^e  inorganic  bodies  are  of  i 
nature  to  be  regarded  more  or  less  as  impurities  {e.g.,  the  asli  iii 
coal),  tliey  may  ueaally  be  determined  with  sufficient  accnncr 
by  the  combustion  of  a  weighed  portion  of  the  substance,  in  m 
obliquely  placed  platinum  crucible,  or  in  a  platinum  dish.  In  the 
analysis  of  substances  contuning  fusible  salts,  even  long-continueti 
ignition  will  often  fail  to  effect  complete  combustion,  as  the  carbon 
is  protected  by  the  fused  salt  from  the  action  of  the  osygen.  Id 
such  cases,  the  best  way  to  effect  the  purpose  is  to  carbonize  the 
substance,  treat  the  mass  with  water,  and  incinerate  the  undissobfJ 
residue ;  the  aqueous  solution  is,  of  course,  likewise  evaporated  lo 
dryness,  and  the  weight  of  tbe  residue  added  to  that  of  the  ash. 

If  organic  compounds  whose  ash  contains  potassium,  sodinni. 
barium,  strontium,  or  calcium  are  burnt  with  oxide  of  copper,  put 
of  the  carbonic  acid  evolved  remains  as  carbonate  of  these  metale. 
As,  in  many  cases,  the  amount  of  carbonic  acid  thus  retained  is  not 
constant,  and  the  results  are,  moreover,  more  accurate  if  the  whole 
amount  of  the  carbon  is  expelled  and  weighed  as  carbonic  acid,  the 
combiution  is  effected  with  lead  chromate,  with  addition  of  |  of 
potassium  dichromate,  according  to  the  directions  given  in  §  ITI- 
•  Jahreab.  t.  Eopp.  u.  Will.  1861.  883. 
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Accurate  experiments  Lave  shown  that  in  this  case  not  a  trace  of 
(»rbonic  acid  remains  with  the  basee. 

If  tlie  Bubetance  ia  weighed  in  a  porcelain  or  platinum  boat,  and 
the  combustion  is  effected  according  to  §  178,  the  ash,  carbon,  and 
liydrogea  maj  be  determined  in  one  portion.  The  amount  of  car- 
bonic acid  contained  in  the  aeh  is  added  to  that  found  by  the  pro- 
cess of  combofition ;  if  the  carbonic  acid  in  the  aeh  canuot  be  cal- 
culated, as  in  the  case  of  alkali  carbonates,  it  may  be  determined  by 
means  of  fused  borax  (§  139,  II.,  o). 

In  burning  eubetancee  containing  mercory,  the  arrival  of  any  of 
the  metal  at  the  cal<aum  chloride  tube  may  be  prevented  by  having 
a  layer  of  copper-turnings  in  the  anterior  part  of  the  combustion 
tnbe,  and  by  not  allowing  the  foremost  portion  to  get  too  hot. 
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1.    AJIALTSIS    OP  FRESH  "WATEK  (SPRING-WATER 
RrVEE^WATEE,  &€.).* 

§190. 

Thb  analysis  of  the  several  kinds  of  fresh  water  is  w»uaUy 
restricted  to  the  quantitative  estimation  of  the  following  snb- 
Btancee : 

a.  Basic  metalt :  Sodium,  calcinm,  magnesiani. 

h.  Acids:  Snlphnrio  add,  nitric  acid,  silicic  add,  oarbonio 
add,  chlorine. 

e.  Mechanically  suspended  Maimers:  Clay,  &c 

We  contine  ootselves,  therefore,  here  to  the  estimation  of 
these  bodies. 

I.  The  Waier  is  clear. 

1.  Determination  of  the  Chlorine. — This  may  be  effected, 
either,  a,  in  the  gravimetric,  or,  h,  in  the  volnmetric  way. 

a.  Gravimetrically. 

Take  500 — 1000  gnn.  or  c,  cf  Addify  with  nitric  acid,  and 
precipitate  with  silver  nitrate.  Filter  when  the  predpitate  has 
complet^y  subsided  (§  141,  I.,  a).  If  the  quantity  of  the  chlorine 
is  so  inconsiderable  that  the  solntioa  of  stiver  nitrate  prodaces 
only  a  slight  turbidity,  evaporate  a  larger  portion  of  the  water  to 
i)  1)  \^  ^'^■i  ^^  ^^  balk,  filter,  wash  the  predpitate,  and  treat  the 
filtrate  as  directed. 

b.  Voluraetrically. 

Evaporate  1000  gnn.  or  c  c  to  a  small  bulk,  and  determine 
the  chlorine  in  the  residual  fluid,  without  previous  filtration,  by 
solntioa  of  silver  nitrate,  with  addition  of  potassium  chromate 
(§141,L,J,a). 

*  Compare  Qualitative  Analyds,  p.  S90  et  Req.  See  a  paper  recenUr  read 
ijefoTB  Ibe  CJliemiad  Society  by  Dr.  mUo^-tlw  Sodety'a  Journal  (3).  IIL  117  et 
seq.;  alM,  Fraukland,  ldein(3>,  iv.  2S9,  sod  vl.  77;  and  Wanklyn,  ChapmaD, 
and  Smltb,  idem,  vL  163. 

t  As  the  specific  gravity  of  freah  water  differs  but  little  from  that  of  pure 
water,  the  eevenl  qnantitlea  of  vater  may  lately  be  measured  instead  of 
■Wti^koi.    The  caknlatloa  is  facilitated  by  taking  a  roand  number  of  c.  c 
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2.  Determination  of  tfie  Sul/i/iuric  Acid. — Tate  1000  gnn.  or 
c.  e.  Aci{ti£y  with  liydrocliloric  acid  and  mix  with  barium 
chloride.  Filter  after  the  precipitate  has  completely  subsided 
(§  132, 1.,  1).  If  the  qoantity  of  the  eulpburic  acid  is  very  incmi- 
siderable,  evaporate  tlie  acidified  water  to  i,  i,  ^,  Ac,  of  the  bull;, 
before  adding  the  barimn  chloride. 

3.  Determination  of  Nitric  Acid. — If,  on  testing  tlie  residue 
on  evaporation  of  a  water  for  nitric  acid,  Biich  a  strong  reactiou  is 
obtained  that  tlie  presence  of  a  determinable  quantity  of  the  acid 
may  be  inferred,  evaporate  according  to  the  apparent  quantity  of 
nitric  acid  indicated  by  qnalitative  testing  500  to  1000  or  2000 
c  c.  of  tlie  water  in  a  porcelain  dish,  wash  the  residne  into  a  fla^k 
(it  is  immaterial  whether  any  solid  matter  wliieh  may  have  sepa- 
rated goes  partially  or  not  at  all  into  tlie  flask),  evaporate  ia  the 
flask  still  further,  if  necessary,  and  in  the  small  quantity  of 
residual  fluid  determine  the  nitric  acid  according  to  §  149,  d,  jS. 

4.  Determination  of  the  /Silido  Acid,  Calcium,  and  Mag- 
nesium. 

Evaporate  1000  grm.  or  c.  c.  to  dryness — after  addition  of 
some  hydrochloric  acid — preferably  in  a  platinum  dish,  treat  tk 
residne  with  hydrochloric  acid  and  water,  Alter  off  the  separated 
silicic  acid,  and  treat  the  latter  as  directed  §  140,  II.,  a.  Deter- 
mine calcium  and  magnesium  in  the  filtrate  aa  directed  §  154,  6, 

5.  Determination  of  the  total  Jtesidue  and  cf  the  Sodium. 

a.  Evaporate  1000  gnn.  or  c.  c.  of  tho  water,  with  proper  care, 
to  dryness  in  a  weighed  platinum  dish,  first  over  a  lamp,  finally 
on  the  water-batli.  Expose  the  residne,  in  the  air-bath,  to  t 
temperature  of  about  180°,  until  no  further  diminution  of  weight 
takes  place.     This  gives  the  total  amount  of  the  salts. 

S.  Treat  the  residue  with  water,  and  add,  cimtiou&ly,  pare 
dilute  sulphuric  acid  in  moderate  excess ;  cover  the  vessel  during 
this  operation  with  a  dish,  to  avoid  loss  from  spirting ;  then  place 
on  the  water-bath,  without  removing  the  cover.  After  ten  minntefi, 
rinse  the  cover  by  means  of  a  washing  bottle,  evaporate  the  eon- 
tents  of  the  dish  to  dryness,  expel  the  free  sulphuric  acid,  ignite 
the  residue,  in  the  last  stige  with  addition  of  .some  ammonium  car- 
bonate (§  97,  1),  and  weigh.  The  residne  consists  of  sodinni  eu!- 
phate,  calcium  sulphate,  magnesium  sulphate,  and  some  separated 
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Bilico.  It  niQBt  Dot  redden  moist  Utmas  paper.  The  quantity  of 
the  sodium  sulphate  in  the  residne  is,  now  found  by  subtracting 
from  the  weight  of  the  latter  the  known  weight  of  the  silica  and 
the  weight  of  the  calcium  and  magnesium  solphates  calculated 
from  the  quantities  of  these  earths  found  in  4. 

6.  Direct  Determi/nation  of  the  Sodiuin. 

The  sodium  may  also  be  determined  in  the  direct  way,  with 
comparative  expedition,  by  the  following  method : — 

Evaporate  1 250  grm.  or  c.  c.  of  the  water,  in  a  dish,  to  about  \y 
and  then  add  2 — 3  c.  c.  of  thin  pure  milk  of  lime,  so  as  to  impart 
a  strongly  alkaline  reaction  to  the  fluid  ;  heat  for  some  time  longer, 
then  wash  the  contents  of  the  dish  into  a  quarter-litre  flask.  (It  is 
not  necessary  to  rinse  every  particle  of  the  precipitate  into  the 
ilask ;  but  the  whole  of  the  fluid  must  be  transferred  to  it,  and  the 
particles  of  the  precipitate  adhering  to  the  dish  well  washed,  and 
the  washings  also  added  to  the  flask.)  Allow  the  contents  to  cool, 
dilute  to  the  mark,  shake,  allow  to  deposit,  Alter  through  a  dry  filter, 
measure  off  200  c  c  of  the  filtrate,  corresponding  to  1000  grm.  of 
the  water,  transfer  to  a  quarter-litre  flask,  mix  with  ammonium  car- 
bonate and  some  ammonium  oxalate,  add  water  up  to  the  mark, 
Bliake,  allow  to  deposit,  filter  through  a  dry  filter,  measure  off  200 
c  c,  corresponding  to  800  grm,  of  the  water,  add  some  ammonium 
chloride,*  evaporate,  ignite,  and  weigh  the  residual  sodium  chloride 
as  directed  §  98,  2.t 

Or  by  the  following  method : — 

Evaporate  the  filtrate  from  the  barium  sulphate  obtained  in  3 
to  dryness  in  a  platinum  dish  (or  if  nitrates  are  present  in  porcelain) 
to  remove  free  hydrochloric  acid  and  separate  silica.  Digest  the 
residue  with  a  few  c.  c.  water,  and  precipitate  magnesium  without 
previous  filtration  by  addition  of  solution  of  barium  hydroxide, 
avoiding  a  large  excess.  Enough  has  been  added  if  a  pellicle  of 
barium  carbonate  forms  upon  the  surface  of  the  liquid  on  exposure 
a  short  time  to  the  air.  Filter  and  wasli  the  usually  slight  precipi- 
tate.    Heat  the  filtrate,  and  add  ammonium  carbonate  to  precipitate 

*  To  convert  the  itUl  rem^lag  Bodium  Bulphate,  on  ignition,  into  sodium 
cbloride. 

f  Thla  process,  which  entirely  dispenses  with  washing,  presents  one  source  of 
error — viz. ,  the  space  occupied  by  the  precipitates  Is  not  taken  into  account.  Tbe 
error  reeultlng  from  this  is,  however,  so  trifling,  that  it  may  aafely  be  disregarded, 
US  tlie  exceM  of  weight  amounts  to  ^  at  the  most 
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the  barium  introduced  and  the  calcium  origiuallj  preeent,  filler 
from  the  precipitated  carbpnatcB,  and  evaporate  tlie  filtrate  to  drr- 
iicec,  and  remove  by  heating  the  anutioiiiiiTn  chloride  completelv. 
Dissolve  the  sodium  cliloride  in  the  residue  with  4  or  5  c.  c  water, 
^vurni,  and  add  a  few  drops  of  ammonium  cai'bonate  and  ammonia  to 
Bc'parate  possibly  remaining  traces  of  barium  and  calcium,  filter  again 
into  a  weighed  platinum  disli,  evaporate  to  dryness,  heat  nearly  to 
fusion,  and  weigh  the  sodium  cliloride.  The  sodium  chloride 
obtained  by  either  process  will  contain  the  potassinm  (as  chloride) 
if  any  is  present  in  the  water.  If  enough  alkali  chloride  is  obtained 
it  may,  after  weighing,  be  examined  for  potassium  according  to 
§  152,  1,  a. 

7.  Calculate  the  numbers  found  in  1 — 6  to  1000  parts  of  water, 
and  determine  from  the  data  obtained  the  amount  of  carbonic  aad 
in  combination,  as  follows : — 

Add  together  the  quantities  of  SO,  corresponding  to  tlie 
bnsic  oxides  found,  and  subtract  from  the  sum,  first,  the  amount  of 
sulphuric  acid  SO,  precipitated  from  tlie  water  by  barium  cMoride 
(2),  secondly,  the  amount  equivalent  to  the  nitric  acid  found,  mA 
thirdly,  the  amount  equivalent  to  the  chlorine  found ;  the  remain- 
der is  equivalent  to  the  carbonic  acid  combined  with  the  biise£  in 
the  form  of  twiincd  carbonates.  80  parts  of  SO,  remaining  aftersnb- 
tracting  the  quantities  just  stated,  corresjioud  accordingly  to  44 
l)art9  of  CO,. 

If,  by  lyay  of  control,  you  wish  to  determine  the  combined  ea^ 
bonic  acid  in  the  direct  way,  evaporate  1000  grm,  or  c  c  of  tLe 
water,  in  a  fiask,  to  a  small  bulk;  add  tincture  of  cochineal, tlicn 
standard  nitric  acid,  and  proceed  as  directed  p.  693. 

S.   Control 

If  tlie  quantities  of  the  Na,0,  CaO,  MgO,  SO,,  N,0„  SiO„  CO, 
and  01  areaddcd  together,  and  an  amount  of  oxygen  equivalent  (u 
the  clilorine  (since  tliis  latter  is  combined  with  metal  and  not  witli 
oxide)  is  subtracted  from  the  sjin,  the  remainder  most  nearly 
correspond  to  the  total  amount  of  the  salts  found  in  5,  a.  Petf&i 
correspondence  cannot  be  expected,  since,  1,  upon  the  evaporation 
of  the  water  magncsiom  chloride  is  partially  decomposed,  and  con- 
verted into  a  basic  salt ;  2,  the  silicic  acid  expels  some  carbonic 
acid ;  and  3,  it  being  difficult  to  free  magnesium  carbonate  from 
water  without  incurring  loss  of  carbonic  acid,  the  residue  remsiB- 
ing  upon  the  evaporation  of  the  water  contains  tlie  magnednm 


byGooj^le 


§  190.]  ANALYSIS  OF  FRESH   WATER.  673 

carbonate  as  a  basic  Bait,  whereas,  in  onr  calculation,  we  have 
asenmed  the  quantity  of  carbonic  acid  corresponding  to  the  normal 
Bait. 

9.  Determination  of  the  free  Ca/rhonic  A&id. 

In  the  case  of  well-water  this  may  be  conveniently  executed 
by  tlie  process  described  §  139,  /S  (p.  405).  We  here  obtain  the 
carbonic  acid  which  ie  contained  in  the  water  over  and  above  the 
quantity  corresponding  to  the  normal  carbonates,  or  in  other  words, 
the  carbonic  acid  which  is  free  and  which  is  combined  with  the 
carbonates  to  bicarbonates. 

10.  DeterminaHon  of  the  Organic  JIfatter. 

Many  fresh  waters  contain  so  much  organic  matter  as  to  be 
quite  yellow,  others  contain  traces,  and  many  again  may  be  said  to 
be  free  from  snch  subetances.  The  exact  estimation  of  organic 
matter  ie  by  no  meana  an  easy  task,  and  the  method  nsnally 
adopted — ^viz.,  ignition  of  the  residue  of  the  water  dried  at  180", 
treatment  with  Bmmonium  carbopate,  gentle  ignition  again,  and 
calculation  of  the  organic  matter  from  the  loss  of  weight — ^yields 
merely  an  approximate  result,  since  we  can  never  be  sure  as  te4he 
condition  of  the  magnesium  carbonate  in  tlie  residue  dried  at 
180"  and  in  the  same  after  ignition,  and  since  the  silicic  acid  expels 
some  carbonic  acid,  which  is  not  taken  up  again  on  treatment  with 
ammonium   carbonate,   &c. 

[This  approximation,  however,  will  generally  suffice,  if  the 
purpose  of  the  analysis  is  to  enable  one  to  judge  of  the  quality 
of  the  water  with  reference  to  its  use  in  steam-boilere  and  for 
most  manufacturing  processes.  But  if  it  is  desired  to  learn 
by  analysis  whether  the  water  is  fit  or  unfit  for  drinking,  the 
case  is  quite  different,  for  its  quality  as  a  potable  water  doubt- 
less depends  greatly  on  the  amoimt,  and  still  more  on  the  kind,  of 
organic  matter  present.  Detailed  descriptions  of  methods  used  in 
tlie  examination  of  the  organic  matter  contained  in  water  are  to  be 
found  in  "  Water  Analysis,"  by  J,  A.  Wanklyn  and  E.  T.  Chap- 
SLAiT,  third  edition,  London,  Tmehner  &  Co.,  1874 ;  Anleitnng  zur 
UnterBuehnug  von  Wasser,  von  Kubel  und  Tiemann,  2  Aufl. ;  also 
in  several  articles  on  the  subject  by  Wanklth,  Chapman,  and 
SinTH,  in  Journal  of  the  Chem.  Soc.] 
11.  The  water  ie  not  dear. 

Fill  a  large  flask  of  known  capacity  with  the  water,  close  with. 
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a  glass  stopper,  and  allow  the  flask  to  stand  in  the  cold  nntil  lie 
EiiP])ended  matter  is  depoeited ;  draw  o£E  the  clear  water  with  a 
siphon  as  far  as  practicable,  Alter  the  bottoms,  diy  or  ignite  the 
contents  of  the  filter,  and  weigh.     Treat  the  dear  water  as  directed 

in  I. 


llespecting  tlie  calcnlation  of  the  analysis,  I  remark  simplj  that 
the  results  are  -usually*  arranged  upon  the  following  principles:— 

The  chlorine  is  combined  with  sodinm ;  if  there  is  an  exceed 
this  is  combined  with  calcium.  If,  on  the  other  hand,  tliere 
remains  an  excess  of  sodinm,  tliis  is  combined  with  sulpharic  icid. 
The  aulphuric  acid,  or  the  remainder  of  the  sulphuric  acid,  as  the 
case  may  be,  is  combined  with  calcium.  The  nitric  acifl  is,  i£  a 
rule,  to  be  combined  with  calcium.  The  silicic  acid  is  put  dovn 
in  the  free  state,  the  remainder  of  the  calcium  and  the  magnesiiuii 
as  carbonates,  either  normal  or  acid,  according  to  circnmstaDces. 

It  must  always  be  borne  in  mind  that  the  results  of  the  qnalila- 
tive  analysis  may  render  another  arrangement  of  the  acids  and 
bases  necessary.  For  instance,  if  the  evaporated  water  reacts 
strongly  alkaline,  sodinm  carbonate  is  present,  generally  in  com- 
pany with  sodium  sulphate  and  sodium  chloride,  occasionally  also 
with  sodium  nitrate.  The  calcium  and  magnesium  are  then  to  be 
entirely  combined  with  carbonic  acid. 

In  the  report,  the  quantities  are  represented  in  parts  per  1000 
(or  1000,000),  and  also  in  grains  per  gallon. 


For  technical  purposes,  it  is  sometimes  sufficient  to  estimate  the 
hardness  of  the  water  (the  relative  amount  of  calcium  and  magne- 
sium in  it)  by  means  of  a  standard  solution  of  soap.  A  detailed 
description  of  this  method,  which  was  first  employed  by  Clibx, 
may  be  found  in  Bolley  <fe  Paul's  Handbook  of  Technical 
Analysis.     See  also  Stttton's  Volumetric  Analysis. 

*  A  certain  latitude  Is  here  allowed  to  Oie  analytt'a  dlscaetioa 
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2.  ACIDIMETBT. 
.     A.  Ebtiuation  bv  Specific  Gravity. 
§191. 

Tables,  based  upon  the  results  of  exact  experiments,  have  been 
drawn  up,  expressing  in  numbers  the  relation  between  the  specific 
gravity  of  the  aqneons  BolntioD  of  an  acid,  and  tlie  amount  of  real 
acid  contained  in  it.  Therefore,  to  know  the  amonnt  of  real  acid 
contained  in  an  aqueons  solution  of  an  acid,  it  suffices,  in  many 
cases,  simply  to  determine  its  specific  grsTity.  Of  course  the  acids 
muet,  in  tliat  case,  be  free,  or  at  least  nearly  free  from  admixtures 
of  otlier  substances  dissolved  in  them.  Now,  as  most  common 
acids  are  volatile  (sulplmric  acid,  hydrochloric  acid,  nitric  acid, 
acetic  acid),  any  non- volatile  admixture  may  be  readily  detected  by 
cviiporuting  a  sample  of  the  acid  in  a  small  platinum  or  porcelain 
dish. 

Tlie  determination  of  the  specific  gravity  is  effected  either  by 
comparing  the  weight  of  equal  volumes  of  water  and  acid,  or  by 
means  of  a  good  hydrometer.  The  estimations  must,  of  course,  be 
made  at  the  temperature  to  which  the  Tables  refer. 

The  following  Tables  on  pages  676 — 679  give  the  relations 
between  the  specific  gravity  and  the  strength  for  sulphuric  acid, 
liydroehloric  acid,  nitric  acid,  and  acetic  acid. 

In  all  cases  in  which  the  determination  of  the  specific  gravity 
fails  to  attain  the  end  in  view,  or  which  demand  particular  accuracy, 
tlio  volumetric  method  described  under  B,  is  employed. 

1\  Eetdiattok  bt  Satteation  wrra    an  Alkaline    Fldto    of 

KHOWN    STRENGTH.* 

§192. 

1.  This  method  requires: — 

A  dilute  acid  of  known  strength.  Sulplmric  or  hydrochloric 
acid  may  be  used.  Nitric  and  oxalic  acids  are  less  frequently 
employed. 

'According  to  Nicholson  and  Pricb  (Chem.  Gat,  1858,  p.  80)  the  common 
method  of  scidlnetrj  ia  not  suited  for  determining  free  acetic  acid,  on  account 
ot'  the  alkaline  reactioQ  of  neutral  sodium  acetate;  however,  Otto  (AddbI.  d. 
Chem.  u.  Fharm.  102,  69)  baa  dearly  demonstrated  that  the  error  arising  from 
this  is  so  iucDasiderable  ttiat  it  niaj  safely  be  diaiegarded. 
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tabu:  I. 

SAomng  tlte  pereenlaget  ,.f  Acid  (H,SO.)  and  Anhydride  (BO,)  wntiBMiiuj  to 
Mrtaw  tpteific  gracitat  ofaqueout  Halphurie  Aeid  £r  Binud  ;  MMoltl^r 
ir,  bt  Orro. 
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2.  An  alkaline  fluid  of  known  etr^igth.  Fotaeea  of  unmooii 
may  be  employed. 

a.  Fbefakation  of  thk  Solutions. 

The  solntions  should  be  of  snitable  strength.  Ae  the  fint 
step  in  the  preparation  of  a  difnte  snlphuric  acid,  of  conTenient 
strength  for  ordinary  use,  dilute  20  cubic  centimetres  of  oil  of  tit- 
riol  with  water  to  the  volnme  of  2  litres. 

The  staudard  alkali  is  made  from  commercial  caustic  potish ; 
tliiB  is  dissolved  in  water  and  diluted  until  a  given  volame,  e.g.,  3. 
c.  c,  nentralizes  4  to  5  c.  c.  of  the  standard  acid,  as  is  determined 
by  a  few  rougli  trials. 

The  alkali  solution  thus  obtained  is  heated  to  boiling  in  a  flask, 
and  a  little  frcKlily-slaked  lime  is  added  to  decompose  any  potas- 
ainm  carbonate.     Tlie  boiling  is  continued  a  few  minutes  and. 
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finally,  the  lye  is  poured  upon  a  filter,  and  the  filtrate  is  coUecte<l 
in  the  bottle  from  wliich  it  is  to  be  used.  Care  bIioiiM  be  taken 
to  bring  upon  the  filter  some  of  the  excess  of  lime  that  is  snapended 
in  the  liquid,  so  that  the  latter  may  acquire  no  carbonic  acid  from 
,  the  air.  This  dear  liquid  thns  obtained  is  a  potash-lye  containing 
lime  in  solntion.  If  exposed  to  the  air,  the  carbonic  acid  that  is 
absorbed  separates  as  calcium  carbonate,  leaving  the  liquid  per- 
fectly canstic 

It  now  remains  to  determine  with  the  greatest  accuracy,  Ist, 
the  volome  of  alkali  which  neutralizes  a  cubic  centimetre  of  the 
acid,  and,  2d,  the  amount  of  SO,  contained  in  a  cubic  centimetre 
of  the  latter. 

As  a  means  of  recognizing  the  point  of  neutralization,  tincture 
of  cochineal  p<»8ee6e8  great  advantages  over  solution  of  litmus. 
The  knowledge  of  this  fact  is  due  to  Lno£ow,  who  has  detailed  its 
applioation  in  Jaum.Jw'  prakt.  Ckem.,  Ixxxiv.  p.  434,    Tincture 
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of  cochineal  is  prepared  by  digesting  and  freqnently  agitating  three 
grammes  of  pulverized  cochineal  in  a  mixture  of  50  cubic  centi- 
mett-ce  of  strong  alcoliol  with  200  c.  c,  of  distilled  water,  at  ordiouy 
temperatures,  for  a  day  or  two.  The  solution  is  decanted,  or  fil- 
tered through  Swedish  paper. 

The  tincture  thus  prepared  haa  a  deep  ruby-red  color.  On 
gradually  diluting  with  pure  water  {free  from  ammonia),  the  «dor 
becomes  orange  and  finally  yellowieh-orange.  Alkalies  and  alkali- 
earths  aa  well  as  their  carbonates  change  the  color  to  a  carmine  or 
violet-canniiie.  Solutions  of  strong  acid  and  acid  salts  nuke  it 
orange  or  yellowish-orange. 

To  dniermine  the  volumetric  rdaiion  of  the  oXkali  and  and, » 
given  volume  of  the  latter,  e.^.,  20  c.  c,  is  measured  off  into  a  wide- 
moiithed  flask,  10  drops  of  cochineal-tincture,  and  about  150  c.c 
of  water  are  added ;  the  alkali  is  now  allowed  to  flow  in  frran  a 
burette,  until  the  yellowish  liquid  in  the  flask,  saddenly,  and  by  a 
single  drop,  acquires  a  violet-carmine  tinge. 

In  nicer  dcteriiiinations,  it  is  important  to  bring  the  liquid  eadi 
time  to  a  given  volume,  by  adding  water  after  the  nentralizaticin 
is  nearly  finished.  For  this  pnrpoee,  two  or  more  flasks  of  equal 
capacity  are  selected,  and  on  the  outside  of  each  a  strip  of  paper  h 
gummed  to  indicate  tlie  level  of  the  proper  amoant  of  liquid,  e^^ 
200  c.  c.  The  same  amount  of  coloring  matter  being  thus  alwijf 
diffused  in  the  same  volume  of  the  same  water,  tlie  errors  of  vary- 
ing dilution  and  varying  amount  of  ammonia  (which  is  nrelf 
absent  from  distilled  water)  are  avoided.  Tlie  contents  of  one 
flask,  in  which  the  neutralization  Itas  been  satisfactorily  efiected, 
may  be  kept  as  a  standard  of  color  for  the  succeeding  trials,  as  the 
tint  remains  constant  for  hours,  being  unaSoctcd  by  the  absOTption 
of  carbonic  acid.  The  greatest  convenience  and  accuracy  of  mea- 
surement are  obtained  by  using  burettes  provided  with  EKDMAKs'g 
swimmer  (see  p.  40). 

When  three  or  four  accordant  result*  have  been  obtained,  the 
average  is  taken  as  expressing  the  relative  etreogth  of  the  add  and 
alkali. 

To  asGertain.  the  absolute  stajidard,  •weigh  o£E  in  a  small  fisdr 
num  crucible  about  0'8  grm.  of  pure  sodium  carbonate,  ignite  to 
dull  redness,  cool  and  weigh  accurately:  bring  the  crucible  with 
its  contents  into  one  of  the  wide-mouthed  flasks  and  let  flow  from 
the  burette  a  slight  excess,  e.ff.  50  c.  c,  of  standard  acid.  The  sJo- 
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tion  of  Bodinra  carbonate  is  facilitated  by  ■warming,  and,  finally,  the 
contents  of  the  fiask  are  gently  boiled  for  several  minuteB  to  expel 
carbonic  acid.  The  Bolntion  is  now  allowed  to  become  perfectly 
cold,  then  add  ten  drops  of  cocliineal  and  lastly  the  standard  alkali 
to  neatmlization,  diluting  to  the  proper  volume. 

To  illastrate  the  accuracy  of  the  prooeee  and  the  calculations 
employed,  the  following  actual  data  may  be  useful.  The  acid  solu* 
tion  was  made  by  diluting  50  c.  c.  of  oil  of  vitriol  to  the  volume  of 
ten  litres  and  had  half  the  strength  above  i-ecommended.  The 
alkali  was  from  a.  stock  on  hand  and  more  dilate  than  necessary. 

Motion  of  acid  to  alkali. 
Exp.  I.,      20  c.  c  H,SO.  =  32-8  c.  c.  KOH,  or  1  :  1-64 
Exp.  II.,     20  c.  c.  H,SO,  =  32  •  8  e.  c.  KOH,  or  1  :  1  ■  64 
Exp.  III.,    40  c.  c.  n,SO,  =  65-7  c  c  KOH,  or  1  :  1-6425. 
We  have  accordingly : 
1  c.  c.  II,SO.  =  1-64  c.  c.  KOH  and  1  c  c  KOH  =  0-60976  e.  c. 
H,SO,. 
Absolute  strength  of  acid  and  alkali, 
Exp.  I.  0'41T7  grm.  of  sodium  carbonate  were  treated  with 
44-2  e,  c.  ol  II,SOj  sohition.     To  neutralize  the  excess  of  the  acid 
were  required  3-8  c  c  KOH,  which  correspond  to  2*32  c.  c.  H,SO, 
(3-S  X  0-60976).     Deducting  this  from  the  total  amonnt  of  acid 
(44,3  —  2'82)  we  have  41-88  c  c.  of  acid,  neutralized  by  the  sodinm 
carbonate  taken. 

41  ■  88  c.  c.  solution  of  n,SO,  =  0  •  4177  grm.  Na,CO,. 
Exp.  II.     0.4126  gnn.  Na,CO,  treated  with   44   c.c.   H,SO. 
required  428  c.  c.  KOH.     428  X  060976  =  201  c.  c.  H,SO,.   44 
—  2-61  =41-39  c.c.H,SO.. 

41.39  c.  c.  solution  of  H,SO,  =  0-4126  grm.  Na,CO... 
Now,  from  the  data  obtained  by  each  of  these  experiments,  the 
absolute  strength  of  the  sulphuric  acid  solution  may  be  calculated  ; 
for  when  sodium  carbonate  and  sulphuric  acid  exactly  neutrahze 
each  other,  one  molecule  or  1060S  pta,  Na,CO,  reacts  with  1 
molecnle  or  98  pts.  H,SO,. 

mol.  weight  98       mol.  v^ht  10608 

H^O.       -1-'       nI/T01       '=Na,SO,  +  CO.  +  H.O. 
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Consequently  that  volume  of  a  sulphuric  acid  solation  wbicli  is 
found  to  exactly  neutralize  1'0608  grm,  Na,CO,  mvst  coDttiu  -9? 
grin.  H,SO,. 

The  volnme  of  the  salphuric  acid  solation  iu  the  pree^it  cue 
which  would  neutralize  1-0608  grm,  Na,CO,  is  found  by  calcoli- 
tion  from  the  data  famished  by  the  experiments  to  be ; — 

gtnu.  Nfti'COi        c.  c.  U.SO,  solution 


I.,      -4177:  1-0608::  41-88  :  106-35 
IL,     -il26  :  1-0608  ::  41.39  :  106-41 

According  to  Exp.  I.,  106-35  c  c;  according  to  Exp.  11^  106-41 
c  c— mean,  106-38  c.  c. 

This  volume  therefore  contains  -98  grm.  H,SO,.  By  diridii^ 
■98  grm.  by  10638  the  weight  of  H,SO,  in  1  c.  c.  would  of  coaree 
be  found. 

But  the  already  found  volume  of  the  sulphuric  acid  which  «»■ 
tains  a  weiglit  of  H,SO,  corresponding  to  its  molecular  wei^tiea 
more  conveuieut  basis  for  calculating  the  weight  of  any  alkali  nea- 
tralized  by  1  c.  c.  Suppose  it  is  desired,  for  instance,  to  find  the 
weiglit  of  NH,OH,  NH„  or  N  which  corresponds  to  1  c  c  of  tbe 
acid  eolation.  One  molecule  of  sulphuric  acid  neutralizes  2  moL 
NH.OH  :— 

mol.  weight  SS  x  3  =  7U 

'        2NH,0H        '=  (NH.).SO.  +  (H,OV 

Hence  106-38  c.  c.  =  "98  grm.  H,80^  neutralize  -70  grm.  NH.OH, 
and  further,  observing  that  35  parts  (1  mol.)  of  NH,OH  C0Dt*in 
14  pts.  N  or  17  NH.— 


N  14] 
H,  3) 
H.  2 
O    16 


17 


S5 
and  70  pie.  (2  moL)  twice  these  quantities — 

106-38  c  c  acid  solution  coireepond  to  '84  grm.  NH- 

«   -28     "     N. 

Finally  find  the  weight  of  the  substance  which  correspond*  to 
Digit  zed  by  Google 
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1  c.  c.  of  the  standard  solution.     For  nitrogen,  e.^.,  this  ia  'S8  grm. 
-r  106-38  =  0-0026S2  grm. 

We  niaj  tlieu  write  on  the  label  of  the  acid  bottle  the  follow- 
ing data  for  calculation  : — 

Ice  KOH  =  0-60976  c.  e.  H.SO., 
Ice.  H.SO.  =  1-64  c  c.  KOH, 
Ice  H^O,  =  0-002632  gnu.  N. 

In  a  like  manner,  we  may  calculate  tlie  weight  of  any  hase,  or 
any  constituent  part  of  a  base  corresponding  to  1  c  c.  of  the  stan- 
dard acid,  being  careful  to  observe  whether  o?ie  or  two  molecules 
of  the  base  are  neutralized  bj  one  mol.  H,SO,. 

To  ascertain  the  ahsaluU  strength  of  the  (dkali  aolviion.  Ko 
further  experimental  work  is  required  for  this  purpose.  For  since 
■98  gnu.  H,SO,  neutralize  1-1226  grm.  KOH,  as  clearly  seen  from 
the  formuUe  with  appended  molecular  weights  expressing  the 
reaction, 

mol.  wei^t  98     mol.  welglitSeiSx  2=113  SO 


H,SO,     +  2K0H  =K,SO.-f  (H,0)., 

it  follows  that  a  volume  of  potash  solution  which  exactly  neutral- 
izes 106'38  c  c  sulphuric  acid  solution  {i.e.,  the  volume  already 
found  to  contain  -98  grm.  H.SO.)  mu«t  contain  1-1226  grin.  KOH. 
This  volume  of  potash  solution  may  be  calculated  from  the  already 
deteniiined  volumetric  relation  of  the  acid  and  alkali  solutions, 
viz.; — 

Ice.  H,SO,  sol.  =  1  ■  64  c.  c.  KOII  soL 
106-38  c  c  X  1-64  =  174-46  c  c 

Accordingly  17446  c.  c  potash  solution  contain  1*12S0  gnu.  KOH, 
or  112-26  centigrammes  a  number  equal  to  iwics  the  number  which 
expresses  the  molecular  weight  of  KOH.  The  weight  of  any  acid 
leutralized  by  1  c  c.  of  this  alkah  solution  may  now  be  readily 
calculated,  bearing  in  mind  that  2  mol.  KOH  neutralize  2  mol.  of 
any  monobasic  and  1  mol.  of  any  dibasic  acid.  For  hydrochloric 
acid,  e.ff. : 

moL  weight  5618  X  3  =  11326  mol.  weight  8«-4«  x  8  =  78.93 

■  (KOH).  Mutralize"  (HCl), 
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176-46  cc  8oL  =  1-1226  grm.  KOH  nentraliM  -7292  grm.  HQ 

■  7292 

1  CC  alkali  solution  =  -00418  grm.  IICl. 

h.  Thb  AtTTDAL  ANALTsis.  It  18  Only  necessarj  to  wra^ 
or  measure  off  tlie  acid  to  be  examined,  dilute  to  about  150  c.  c  ani 
ascertain  how  ranch  of  tlie  standard  alkali  is  required  for  its 
tralization,  proceeding  just  as  detailed  for  ascertaining  tlie  voId- 
metric  relation  of  the  acid  and  alkali  Bolutions.  It  is  best  to  use  for 
determination  a  quantity  which  will  require  15  to  30  c.  c,  but 
over  a  bnrette  full  of  the  standard  alkali.  It  is  oft^n  convenieiii 
in  case  of  strong  acids  to  weigh  off  about  five  times  the  aciouni 
required  for  a  eingle  trial,  dilute  to  exactly  500  c.  c.  and  make  tro 
or  more  determinations,  nsiug  for  each  100  e.  c 

a.  If  the  color  of  a  fluid  conceals  the  change  of  the  dissolved 
cochineal,  or  if  salts  of  iron  be  present,  we  nse  red  litmus  or 
tormcric  paper  to  hit  the  point  of  neutralization,  i.e.,  we  add  alkali 
till  a  strip  of  test  paper  dipped  in  just  indicates  a  weak  alkaline 
reaction.  In  this  case  more  alkali  will  be  employed  than  when 
cochineal  can  be  used  in  solution,  and  in  exact  determinations  it 
may  be  worth  while  to  rectify  the  error  by  a  correction.  This  may 
be  done  by  taking  a  like  quantity  of  water  and  adding  alkali  eolu- 
tion,  till  the  fluid  just  gives  a  reaction  on  the  test  paper  in  qnt*- 
tion,'  as  strong  as  was  obtained  at  the  close  of  the  first  experiioent. 
The  quantity  of  alkali  used  is,  of  course,  to  be  deducted  from  the 
quantity  employed  in  the  first  experiment. 

/3.  Determination  of  Acids  by  means  of  noj-mal  sodivm  car- 
bonate solution.    See  c,  d,  page  6S7. 

y.  Application  of  the  Acidimetrio  principle  to  the  determina- 
tion of  <:OTnh%ned  adds. 

The  acidimetric  principle  may  often  be  employed  also  for  the 
determination  of  acids  in  combination  with  bases,  if  solntion  of 
soda  or  sodium  carbonate  precipitates  the  latter  completely,  ud  in 
a  etate  of  purity.  For  instance,  acetic  acid  in  iron  mordant,  or  in 
verdigris,  may  be  estimated  in  this  way,  by  the  following  prooese: 
Precipitate  with  a  measured  quantity  of  standard  solution  of  soda 
or  sodium  carbonate  in  excess,  boil,  filter,  wash,  concentrate  thefil- 
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trate  wMch  contains  the  excesa  of  alkali  used.  Determine  the  nam' 
ber  of  c.  c.  of  this  excess  by  meana  of  standard  acid  eolntion.  Sub- 
tract the  number  of  c  c.  tlius  fonnd  from  the  c.  c  of  soda  solatioa 
consumed  in  the  cjiperiment ;  the  difierenee  expresses  the  qoantitj 
of  soda  solution  neutralized  by  the  acid  contained  in  the  substance, 
in  combination  as  well  as  in  the  free  state.  Of  course,  correct 
results  can  be  expected  only  if  no  basic  salt  has  been  thrown  down 
hy  the  soda  solation. 

d.  DetermiTUiHon  of  combined  adds  hy  Gibbs'  method.  See 
g  149,  ii.,  0,  >-,  p.472. 

c.  Deviations  fboh  the  FBECEDrao  uethod. 

a.  Different  acids   and  (U&aiieg  far  standard  aoi/utiont. 

Hydrochloric  may  be  used  instead  of  solpharic  acid,  and 
ammonia  instead  of  potash  solation.  A  hydrochloric  a(»d  sola- 
tion containing  13  grm.  HCl  per  1000  c  c  will  have  about  the 
same  neutralizing  power  as  the  sulphuric  acid  solution  recom- 
mended in  the  preceding  (made  by  dilating  30  c.  c.  oil  of  vitriol  to 
2000  c.  c).  Find  the  spedfic  gravity  of  a  sample  of  pure  aqueous 
hydrochloric  acid  and  calculate  by  means  of  Table  II.,  page  677,  the 
volume  required  to  contain  13  grm.  HCl,  and  dilute  to  1000  e.  c. 
Prepare  the  ammonia  solution  by  diluting  pnre  ammonia  sohi- 
tion  until  it  is  found  by  trial  with  a  few  c  o.  that  it  neutralizes 
nearly  an  equal  volume  of  the  HCl  solution.  A«;ertain  next  the 
exact  volumetric  relation  of  the  acid  to  alkali  solution  as  before 
directed. 

The  ammonia  should  be  nearly  or  quite  free  from  ammonium 
carbonate.  Ammonia  from  a  fr^ly  opened  bottle  which  ^ves  a 
very  slight  or  no  immediate  precipitate  with  calcium  chloride  is 
suitable. 

The  absolute  strength  of  both  solutions  may  be  fonnd  by  the 
same  method  that  is  applied  to  sulphuric  acid  and  potash  solutions. 

To  insure  accuracy  it  is  well  also  to  determine  chlorine  in  the 
acid  solution  by  precipitation  with  silver  nitrate.  These  solutions 
oSect  the  burettes  less  than  potash  and  sulphuric  acid  solutions, 
and  are  more  readily  prepared. 

^.  DifferetU  indicators.  Many  kinds  have  been  proposed. 
Litmus  solution  is  preferable  to  cochineal  when  organic  acids  or 
aluminium  salts  are  present.    Oarbonic  acid,  however,  renders  the 
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indication  wliich  it  affords  quite  iiidistinct,  while  it  interferes  witli 
the  action  of  cochineal  far  lees. 

y.  To  save  thneincomjiuiations.  When  many  Bucceafiive  deter- 
minations are  to  be  made,  it  ie  convenient  to  have  an  alkali  solntion 
that  will  nentralize  exactly  an  equal  volume  of  the  standard  aciij 
Bolntion.  This  may  be  obtained  as  follows :  After  ascertaining  tbc 
volumetric  relation  of  the  two  solntions,  calculate  how  many  c  c 
of  water  must  be  added  to  the  stronger  to  make  equal  tlie  weaker; 
e.g.,  if  1  C.C  acid  solution  =1'132  c.c  alkali  solution,  -ISa  cc. 
water  must !«  added  to  each  c.  c.  of  the  acid  solution,  or  132  ccto 
1000  c.  c.  Measare  accurately  1000  c.  c.  of  the  acid  solntioa  in  a 
litre  flask,  and  pour  it  into  a  dry  bottle  designed  for  keeping  the 
standard  solntion,  then  measure  by  means  of  a  burette  132  cc.  of 
water,  and  allow  it  to  run  into  the  flaak.  Shiike  the  water  about  in 
the  flask  and  pour  into  the  bottle,  pour  a  part  of  the  contents  ■of  tLe 
bottle  into  the  flask  and  return  it  again  to  the  bottle,  to  insore  * 
uniform  mixing  of  all  the  water  with  the  acid. 

Calculations  may  be  still  further  shortened  by  using  for  each 
determination  such  quantities  of  the  substance  to  be  analyzed  that 
each  c.  c.  of  the  standard  solution  shall  coiTeepond  to  1  percent  of 
the  constituent  determined.  It  is  only  necessary  to  observe  the 
following  rule :  Take  of  the  substance  to  be  analyzed  a  weight  eqnal 
to  tlio  weight  of  the  conetitnent  to  be  determined  which  corre- 
sponds to  100  c.  c.  of  the  standard  solution. 

Suppose,  for  instance,  it  is  desired  to  determine  the  percentage 
of  H,SO,  in  several  samples  of  sulphuric  acid  which  may  be  concen- 
trated or  more  or  less  dilute  by  means  of  a  standard  dkali  solntion, 
of  which 

lc.c.  =  00142  grm.H,SO. 
or 

100  c.  e.  =  1-1420  grm.  H,SO, 

If  now  1-1420  grm,  of  n  sample  he  accurately  weighed  off,  and  it  is 
found  that  100  c.  c.  of  the  alkali  solution  are  required  to  ncntraliM 
it,  the  sample  must  be  pure  H,SO„  or  contain  100  percent  of 
II.SO..  If  1-1420  grm.  of  another  sample  requires  for  nentraliration 
40  c.  c.  of  the  standard  alkali,  it  is  clear  that  it  contains  40  per  cent 
of  H,SO„  and,  finally,  that  the  percentage  will  equal  the  number 
of  c  c.  used,  whatever  tlie  nnmber  may  be.  This  mode  of  pro- 
ceeding is  of  course  applicable  in  the  determination  of  ilkiUes 
by  means  of  standard  acid  solutions,  or  in  determination  of  ele- 
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inents  which  form  a  part  of  the  nentralized  body ;  e.g.,  nitrogen  in 
ammonia. 

When  the  Bobstance  analyzed  contains  above  50  per  cent,  of 
the  constitnent  to  be  determined,  it  is  preferable,  in  order  to  avoid 
using  too  lai^  a  quantity  of  standard  solution,  to  weigh  off  jnst 
half  the  quantity  required  by  the  preceding  rule ;  then  each  c  c.  of 
the  standard  solution  will  indicate  i/ioo  per  cent.,  or  the  percentage 
is  found  by  doubling  the  number  of  c.  c.  used.  On  the  other  hand, 
it  is  sometimes  advantageoos  to  use  twice  or  perhaps  five  times  the 
quantity  demanded  by  the  first  rule,  in  which  case  the  peicentt^ 
is  foand  by  dividing  the  number  of  c.  c  by  2  or  5. 

Often  when  the  substance  to  be  analyzed  is  in  solution,  or  solu- 
ble, it  is  advisable  to  weigh  five  times  the  amonnt  reqaired,  dilute 
in  a  half-htre  flask  to  500  c.  c.  and  take  out  \  by  means  of  a  100 
c.  c.  pipette  for  the  determination. 

S.   Use  of  normal  solvtioTis. 

Solutions  may  be  made  of  snch  strength  that  1000  c.  c.  contdn 
an  amount  of  acid  or  base  e^voalent  to  1  gramme  of  hydrogen ; 
one  moleoole  of  an  acid  or  base  being  eqaivalent  to  the  nomber  of 
H  atoms  corresponding  to  the  qitantivalence  of  its  radical.  Snch 
eolations  are  called  tu/rmdl  solutions. 

The  following  examples  show  the  relation  of  molecular  weights 
and  quantivalence  to  the  actual  weights  of  acids  and  bases  (or  salts) 
in  normal  eolations ; — 

Hotwd^t  Radi»l.  ^;^  YO".^ 

HCl 36-46  CI               1  86-46  grma. 

H,SO 98-  SO,              a  49-  " 

NH,OH 35-  NH.             1  35-         « 

NaOH 40-04  Na               1  40-04     " 

(Ka,CO 106-08  Na,              2  53-04     «  ) 

From  this  relation  it  follows  that  a  given  volume  of  any  nor- 
mal acid  solution  exactly  neutralizes  an  equal  volume  of  any  normal 
alkali  aolntion.  Moreover,  the  weight  of  any  acid  or  alkali  which 
1  c  c.  of  a  normal  solution  neutralizes  can  be  very  easily  calcalated. 

The  method  generally  used  for  preparing  normal  solutions  is 
to  first  make  solutions  of  acid  and  alkali  somewhat  stronger  than 
reqoired,  asceitaiu  their  volumetric  relation  and  actual  strength,  as 
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in  a,  page  680  ;  and  nest  dilnte  to  the  rolnnie  required  to  make 
the  eolnttone  nonnal  by  addition  of  the  calculated  and  accnntelv 
measured  Tolnme  of  water  aa  described  above  under  y.  The 
trouble  involved  in  these  operations  overbalances  the  advantigc« 
of  normal  solutions  except  for  some  special  parpoeee.  Bj  nsog 
sodium  carbonate,  however,  for  the  alkali,  normal  solntione  toij 
be  prepared  in  a  comparatively  simple  manner,  since  sodinm  car- 
bonate, nnlike  the  caostic  alkalies,  can  easily  be  procured  pure,  md 
can  be  accurately  weighed.  53'08  grm.  of  pure  Na,CO,  previonslj 
ignited  to  dull  redness  are  dissolved  in  water  and  ^e  eolotioD  b 
dilated  to  exactly  1000  c.  c.  To  make  a  aormai  acid  solntion  nil 
60  grm.  concentrated  snlphnric  acid  with  1050  &  c.  water,  let  cool, 
and  ascertun  how  many  c  c.  of  this  acid  nentralise  50  e.  c.  of  tk 
normal  sodiom  carbonate  solntion. 

Suppose  48  ■  6  c  c.  acid  sol.  =  50  c.  c.  alkali  soL; 

50 
then  1       "  "       =-—-  =  1-0288  «  " 

48-0 
or  1000       "  "        =  1028-8         •*  « 

Accordingly  28  •  8  ce.  of  water  must'  be  added  to  1000  c  c.  of  the 
acid  solution  to  moke  it  nonnal.  The  acid  solution  and  water  an 
measured  and  mixed  as  described  above  onder  y-  '^'^t  finally  the 
acid  against  the  alkali  to  be  certain  that  equal  volnmes  neutralize 
each  other.  In  neutralization  it  is  not  necessary  to  expel  carbonic 
acid  by  boiling.  Tincture  of  cochineal  must  be  used  as  an  indica- 
tor. Litmus  is  quite  unsuitable,  ^nce  in  the  presence  of  carbonic 
acid  the  change  of  color  which  it  undergoes  during  neutralization 
is  gradual  and  indistinct.  Even  cochineal  is  not  quite  indifieieut 
to  carbonic  acid,  the  slight  excess  of  acid  or  alkali  required  to  pro- 
duce a  distinct  change  of  color  being  perceptibly  increased  by  Ik 
presence. 

The  error  thus  caused  by  the  disturbing  influence  of  carbooie 
acid,  which  is  slight  when  nonnal  solntions  are  need,  is  increased 
when  more  dilnte  standard  solntions  of  acid  and  alkali  are  need,  for 
the  more  dilute  the  solution  is,  the  greater  the  volnme  required  to 
supply  the  slight  unavoidable  excess  of  acid  or  alkali.  A  standard 
solution  of  caustic  alkali  is  therefore  to  be  recommended  fm  nieer 
investigation,  and  for  all  purposes  when  dilate  standard  solntions 
are  required. 

The  common  mineral  acids  in  a  free  state,  in  not  too  dihite  toln- 
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tions  may  be  detennined  with  sufficient  aecnracy  for  many  teclmi- 
cal  purposes  without  the  use  of  a  Btandard  acid  solution,  by  simply 
adding  tincture  of  cochineal  solution  to  a  suitable  weighed  amount 
prerloosly  dilated  to  about  150  c.  c,  and  neutralizing  cold  with  the 
normal  sodinm  carbonate  solution. 


MoDirmATiOH  op  the  oommom  AoronfBTEio  Method  (Kibfkb*). 


Instead  of  estimating  free  acid  by  a  solution  of  soda  of  known 
strength,  and  determining  the  neutralization  point  by  me;im  of 
cochineal  tincture,  an  ammoniacal  solution  of  copper  may  be  used 
for  the  purpose,  in  which  case  the  nentralization  point  is  known  b; 
the  tnrbidi^  observed  as  soon  as  the  free  acid  present  is  completely 
neutralized.  The  copper  solution  is  prepared  by  adding  to  an  aque- 
ous solution  of  copric  sulphate,  solution  of  ammonia  until  the  pre- 
cipitate of  basic  salt  which  forms  at  tirst  is  just  redissolved.  After 
determining  the  strength  of  the  solution  by  standard  snlphoric  or 
hydrochloric  acid  (not  oxalic),  it  may  be  employed  for  the  estima- 
tion of  all  the  stronger  acids  (with  the  exception  of  oxalic  acid), 
provided  the  fluids  are  clear.  The  basic  cupric  salt,  in  the  precipi- 
tation of  which  the  final  reaction  consists,  is  not  insoluble  in  the 
ammonium  salt  formed,  and  its  solubility  depends  on  the  degree  of 
concentration,  and  on  the  presence  of  other  salts,  especially  of 
ammonium  salt«  (Caeet  Lea+).  Hence  the  method  cannot  boast 
of  scientific  accuracy,  but  as  the  variations  occasioned  by  the  causes 
mentioned  are  inconBiderable,:^  the  process  retains  its  applicability 
'  to  technical  purposes,  for  which,  indeed,  it  was  originally  proposed. 
This  method  is  of  especial  value  in  cases  in  which  free  acid  is  to  be 
detennined  in  presence  of  a  normal  metallic  salt  with  acid  reaction ; 
e.g.,  free  sulphuric  acid  in  mother-liquors  of  cupric  sulphate  or 
zinc  sulphate,  &c.  It  is  advisable  to  determine  the  strength  of  the 
ammoniacal  copper  solution  anew  before  every  fresh  series  of 
experiments. 

*  Annal.  d.  Chem.  u.  Pbarm.  08,  S8S. 

f  Chem.  News,  4,  lOS. 

%  Compare  my  experiments  ou  tlie  subject  In  the  Zdtachiift  t.  analyt  Chem. 

I,  loa  ' 
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PereetUaget  tif  Anmtonia  (NHt.    torruponding  to  different  »pte(jk  gramtie*  i 
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3.  ALKALIMETRY. 

.    ESTIUATIOEI   or    POTASBA,    SoDA,    OB    AmUONIA,  FBOH    THE    Spe- 

ciFio  Geavtit  of  theib  Soi,dtion8. 


In  pnre  or  nearly  pore  Bolations  of  hjdrated  Boda  of  potassa,  or 
of  ammonia,  the  percentage  of  alkali  may  be  estimated  from  the 
specific  gravity  of  the  Bolntion. 

B.   EBimATIOlT    OF   THE   TOTAL   AmOUHT  OP   OarBONATBD   AMD 

Cacbtio  Alkali  m  obude  Soda  and  in  Fotabbes. 
The  "  soda  ash  "  of  commerce  ie  a  crude  Bodinm  carbonate — 
the  "  potaaheB"  and  "  pearlaah  "  a  crude  potassium  carbonate.  The 
commercial  valne  of  these  articlee  depends  on  tlie  percenttige  of 
alkali  carbonate  (or  caustic  alkali)  that  they  contain,  which  is  very 
variable. 
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I.    VOLOHETSIC  MeTHODa.  , 

Method  <^  Dbbcboizilles  and  Gay-Lussac,  Aigh&y  modified, 
%  195. 

The  principle  of  tliis  method  is  the  converee  of  that  on  vkidi 
the  acidiinetric  method  described  §  192  is  based,  i.€.,  if  ve  knou- 
tlie  quantity  of  an  acid  of  known  strength  required  to  saturate  an 
unknown  quantity  of  caustic  potassa  or  soda,  or  of  potassium  car- 
bonate or  Bodium  carbonate,  we  may  readily  calculate  from  this 
the  amount  of  alkali  present. 

For  technical  analyses  we  may  employ  normal  sulphuric  scid 
For  the  method  of  preparing  and  using  it,  see  p.  687 — 8. 

For  the  analysis  we  may  conveniently  weigh  oS  such  a  qau- 
tity  of  the  eabetance  that  the  number  of  c,  c.  of  acid  required  w 
neutralize  it  shall  directly  express  its  percentage  of  the  alkili 
or  carbonate  sought. 

Since  100  c.  c.  of  the  nonnal  solution  contain  ^  of  98  gnn. 
II,SO„  the  proper  quantities  of  tlie  sodium  and  potassium  com- 
pounds to  employ  are  ^  of  the  weight  of  the  compound  reqaired 
to  neutralize  98  grm.  H^O,  viz. : 

Potassa,  K,0 4-718  gna. 

Potassium  hydroxide,  KOH . . : 6-613  " 

Potaesinm  carbonate,  K,CO 6-913  " 

Hydrogen  potassitun  carbonate,  KHCO, 10-013  " 

Soda,  Na,0 3104  " 

Sodium  hydroxide,  KaOH 4-004  "' 

Sodium  carbonate  (dry),  Na,CO, 5-304  *■ 

Sodium  carbonate  crystallized,  Na,CO,-10 13,0 14'301  " 

Hydrogen  sodium  carbonate,  KaHCO, 8-40t  " 

With  regard  to  the  examination  of  pearUuh  hy  ihi«  meAoa, 
the  following  points  deserve  attention  : — 

The  various  sorts  of  potash  of  commerce  contain,  beeidea  »»t«* 
sinm  carbonate  (and  caustic  potassa) : 

a.  JHormal  salts  {e.g.,  potassium  sulphate,  potaseiom  chloride). 

b.  SaUa  with  alkaline  reaeiion  {e.g.,  potassium  silicate,  pota;^ 
sioni  phosphate). 
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c.  Admiidures  inadlvhle  in  water,  more  especially  calcium 
carbonate,  phoepliate,  and  silicate. 

The  salts  named  in  a  exercise  no  influence  upon  the  reeulte, 
but  not  BO  those  named  in  b  and  c.  Those  in  c  may  be  removed 
by  filtration ;  but  the  admixture  of  the  salts  named  in  b  constitutes 
an  irremediable  though  sliglit  source  of  error ;  that  ie  to  say,  if  it 
IB  desired  to  confine  the  determination  to  the  caustic  and  car- 
bonated alkali.  But  as  regards  the  estimation  of  the  value  of 
pearlash  for  many  purposes,  the  term  error  cannot  be  applied  ;  as, 
for  instance,  in  the  preparation  of  caustic  potassa,  by  boiling  the 
solution  with  lime,  the  alkali  combined  with  silicic  acid  and  with 
phosphoric  acid  is  converted,  like  the  carbonate,  into  the  caustic 
state. 

If  you  are  not  satisfied  with  finding  the  percentage  of  available 
alkali,  but  desire  also  to  know  whether  the  remainder  consists 
simply  of  foreign  saints,  or  whether  water  is  also  present,  the 
detennination  of  the  latter  substance  must  precede  the  aJkalimetric 
examination.     The  same  remark  applies. also  to  soda. 

With  regard  to  iJie  examinattion  of  eoda  hy  this  meOwd,  the 
following  points  deserve  attention : — 

The  soda  of  commerce,  prepared  by  Leblauc's  method,  eon- 
tains,  besides  sodium  carbonate,  always,  or  at  least  generally, 
sodium  hydroxide,  -sodium  sulphate,  sodium  chloride,  sodium 
silicate  and  aluminate,  and  not  seldom  also  sodium  sulphide, 
Bodium  tbiosulphate  and  sulphite.* 

The  three  last-named  substances  impede  the  process,  and  inter- 
fere more  or  less  with  the  accnracy  of  the  results.  Their  presence 
is  ascertained  in  the  following  way  :— 

a.  Mix  with  sulphuric  acid ;  a  smell  of  hydrogen  sulphide 
reveals  the  presence  of  sodium  sulphide,  with  which  sodinm  tbio- 
sulphate is  also  invariably  associated. 

b.  Color  dilute  sulphuric  acid  with  a  drop  of  solution  of  potas- 
sium permanganate  or  chromate,  and  add  some  of  the  soda  under 
examination,  but  not  snflicieut  to  nentrslize  the  acid.  If  the  soln- 
tion  retains  its  color,  this  proves  the  absence  of  both  sodium 
sulphite  and  thiosnlphate  ;  but  if  the  fluid  loses  its  color,  or  turns 
green,  as  the  case  may  be,  one  of  these  salts  is  present 

c.  Whether  the  reaction  described  in  b  proceeds  from  sodium 

*  Traces  of  Bodium  cyanide  are  also  occasionally  found. 
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sulphite  or  thiosnlphate  ib  ascertained  by  Bcpersatarating  a  dcv 
solution  of  the  sample  under  examination  with  hydrochloric  add. 
If  the  solution,  after  the  lapse  of  some  time,  bec<»De8  tnrbid, 
owing  to  the  separation  of  sulphnr  (emitting  at  the  same  time  tlie 
odor  of  snlphnrous  acid),  this  may  he  regarded  as  a  proof  of  the 
pi-esence  of  sodium  thiosnlphate ;  however,  the  eolation  may, 
besides  the  thiosnlphate,  also  contain  sodium  sulphite.  With 
respect  to  the  detection  of  sodium  sulphite  in  the  {nesence  of 
thiosnlphate,  comp.  "Qual.  Anal.,"  p.-204. 

The  defects  arising  from  the  presence  of  the  three  compounds 
in  question  may  be  remedied  in  a  measure,  by  igniting  the  wei^ied 
sample  of  the  soda  with  potassium  chlorate,  before  proceeding  to 
saturate  it.  This  operation  converts  the  sodium  sulphide,  thiosnl- 
phate, and  sulphite  into  sodium  sulphate.  But  if  sodium  thiosnl- 
phate is  present,  the  process  serves  to  introduce  another  source  of 
error,  as  that  salt,  upon  its  conversion  into  sulphate,  decomposes  a 
molecule  of  sodium  carbooate,  and  expels  the  carbonic  acid  of  the 
latter  [Na^.O,  +  40  (from  the  potassium  chlorate)  +  Na,(X),  = 
2(Na^0J  +  C0.]. 

The  presence  of  sodium  silicate  and  of  sodium  aluminat«  may 
be  generally  recognized  by  the  separation  of  a  precipitate  as  eooo 
as  the  solution  is  saturated  with  acid.  If  you  intend  the  resnlt  to 
express  the  quantity  of  carbonated  and  caustic  alkali  only,  the 
presence  of  these  two  bodies  becomes  a  slight  source  of  error;  bnt 
if  you  wish  to  estimate  the  value  of  the  soda  for  many  purposes, 
no  error  will  be  caused. 


Method  of  Fb.  Mohr,  modified. 
§196. 

Instead  of  estimating  the  alkalies  in  the  direct  way  by  means 
of  an  acid  of  known  strength,  we  may  estimate  them  also,  as  pro- 
posed first  by  Fr,  Moho,*  by  supersaturating  with  standard  add. 
expelling  the  carbonic  acid  by  boiling,  aiid  finally  by  determining 
by  standard  alkali  solution  the  excess  of  6t.indard  acid  added. 

This  process  gives  very  good  results,  and  is  therefore  particu- 
larly suited  for  scientific  investigations.  It  requires  the  standard 
fluids  mentioned  in  §  192,  viz.,  a  standard  acid  and  standard  eoIq- 

"  Annal.  A.  Chem.  n.  Pharm.  Sfl,  139. 
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tion  of  potaeeium  or  Bodium  hydroxide.  Each  of  these  fiuida  is 
filled  into  a  Hohb'b  burette. 

The  proceBs  ia  as  follows : — 

Dissolve  the  alkali  in  water,  and  add  a  measured  quantity  of 
tincture  of  cochineal ;  run  in  now  as  much  of  the  standard  acid  as 
will  suffice  to  impart  an  oi-ange  tint  to  the  fluid ;  then  hoil,  and 
remove  the  last  traces  of  carbonic  acid,  bj  boiling,  shaking,  blow- 
ing into  the  fiask,  and  finally  sucking  oat  the  air. 

Now  add  standard  solntion  of  potash,  drop  by  drop,  until  the 
color  just  appears  violet.  There  is  no  difficulty  in  determining  the 
exact  point  at  which  the  reaction  is  completed. 

If  the  standard  solutions  o£  potash  and  acid  are  of  correspond- 
ing strength,  the  number  of  c  c  used  of  the  potash  solution  is 
simply  deducted  from  the  number  of  c  c.  nsed  of  the  acid.  The 
remainder  expresses  the  volume  of  the  acid  solution  neutralized  by 
the  alkali  in  the  examined  sample.  If  the  two  standard  fiuida  are 
not  of  corresponding  strength,  the  excess  of  acid  added,  and  sub- 
sequently neutralized  by  the  potash  solution,  is  calculated  from  the 
known  relation  the  one  bears  to  the  other. 

For  the  method  of  calculating  the  weight  of  any  alkali  corre- 
sponding to  1  c  c.  of  a  standard  solution  is  given  in  §  192,  p.  682. 

With  regard  to  certain  variations  from  the  ordinary  course 
which  are  occasionally  convenient,  comp.  j).  685. 

§197. 

There  now  still  remain  two  questions  to  be  considered,  which 
are  of  importance  for  the  estimation  of  the  commercial  value 
of  potash  and  soda.  The  first  concerns  the  separate  determination 
of  the  caustic  alkali,  which  the  sample  under  examination  may 
contain  beeidee  the  carbonate ;  the  second,  the  detcnnination  of 
sodium  carbonate  in  prosence  of  potassium  carbonate. 

The  product  may  be  tested  qualitatively  for  caustic  alkali  by 
adding  to  a  solution  barium  chloride  so  long  as  a  precipitate 
forms;  if  the  solution  still  remains  alkaline,  presence  of  caustic 
alfcali  is  indicated. 

C  Detkemujation  op  the  Cacstio  Alkali  which  Commeecial 
Alkali  uat  contain  beside  tbe  Carbonate. 
Many  kinds  of  potaslies  and  crude  soda,  more  especially  the 
latter,  contain,  besides  alkali  carbonate,  also  caustic  alkali ;  and.the 
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chemist  iB  often  called  upon  to  determine  the  amount  of  (he  latter: 
ns  it  Is,  for  instance,  by  no  means  a  matter  of  indifference  to  the 
soap-boiler  how  much  of  the  soda  is  supplied  to  him  already  in  the 
caustic  state.    This  maj  be  effected  ais  follows  : — ■ 

a.  Determine  in  a  portion  of  the  substance  carbonic  acid 
directly:  convert  the  caustic  alkaU  in  another  weighed  portion 
into  carbonate  by  mixing  with  ubout  an  eqaal  quantity  of  sand  and 
about  J  its  weight  of  ammonium  carbonate,  adding  as  much  waier 
as  the  mass  will  absorb,  evaporating  and  igniting  to  expei  water, 
and  determine  carbonic  acid  in  the  residue.  Deduct  the  per- 
centage of  carbonic  acid  found  in  the  original  substance  from  thit 
found  after  treatment  with  ammonium  carbonate.  An  amount  of 
caustic  alkah  must  be  present  equivalent  to  this  difference  (for 
44  pts.  CO,,  6208  pts.  Na,0,  or  94-26  pie. K,0). 

i.  Determine  (according  to  §  196)  the  total  amotmt  of  alkali 
existing  both  as  carbonate  and  caustic,  and  reckon  it  all  as  car- 
bonate. Id  another  portion  determine  the  caustic  alkali  as  follom; 
Dissolve  a  suitable  weighed  portion  in  a  measuring  flask,  add  barinni 
chloride  so  long  as  a  precipitate  forms,  fill  to  the  mark  with  water, 
shake  and  allow  to  settle  dear  without  exposure  to  the  air,  take  ont 
a  known  portion  of  the  supernatant  clear  Said  with  a  pipette,  and 
determine  volunietrically  the  canstic  alkali  or  equivalent  barinin 
hydroxide  which  it  contains.  The  amount  actually  existing  as  e*r 
bonate  can  now  be  found  by  calculating  the  carbonate  equivalent 
to  the  caustic  thus  found,  and  deducting  it  from  the  total  amount 
of  alkali  found  and  reckoned  as  carbonate  in  the  other  portion. 

D.    EsTQIATIOlf  OF   SODHJU  CaBBON ATB  IN  PBE8BNCB  OF  PotIS- 

BlOU  Carbokate. 

Soda,  being  much  cheaper  than  potash,  is  occasionally  used  to 
adulterate  the  latter.  The  common  alkalimetric  methods  not  oqK 
fail  to  detect  this  adnlteration,  but  they  give  the  admixed  sodiom 
carbonate  as  potassiom  carbonate.  Many  proceeses*  have  beai 
iproposed  for  estimating  in  a  simple  way  the  soda  contained  in 
pota8h,:bnt  not  one  of  them  can  be  said  to  satisfy  the  requiremeDti 
'Of  the  case. 

The  following  tolerably  expeditious  process,  however,  gives 

^■Qotrip.  HaDdwOrterbuch  der  Chemie,  9  Anfi.,  L  ML 


by  Google 


§  198.]  ESTIMATION  OP  ALKALI-EABTH  METALS.  697 

accurate  results :  Dissolve  6*25  grm.  of  the  gently-ignited  pearlash 
in  water,  filter  the  solution  into  a  quarter-litre  flask,  add  acetic  acid 
in  slight  excess,  apply  a  gentle  heat  until  the  carbonic  acid  is 
expelled,  then  add  to  the  fluid,  while  still  hot,  lead  acetate,  drop  by 
drop,  until  the  formation  of  a  precipitate  of  lead  sulphate  ^'u#^ 
ceases;  allow  the  mixture  to  cool,  add  water  up  to  the  mark, 
shake,  allow  to  deposit,  fllter  through  a  dry  filter,  and  transfer 
200  c.  c.  of  the  filtrate,  corresponding  to  5  grm.  of  pearlash,  to  a 
-^litre  flask.  Add  hydrogen  sulphide  water  up  to  the  mark,  and 
shake.  If  the  lead  acetate  has  been  carefully  added,  the  fluid  will 
now  smell  of  hydrogen  sulphide,  and  no  longer  contain  lead ;  in 
the  contrary  case,  hydrogen  sulphide  gas  must  be  conducted  into 
it.  After  the  lead  sulphide  lias  subsided,  filter  through  a  dry 
filter.  Evaporate  60  c.  c.  of  the  filtrate  (corresponding  to  1  grm.  of 
pearlash)  with  addition  of  10  c.  c  hydrochloric  acid,  of  I'lO  sp.  gr., 
iu  a  weighed  platinum  dish,  to  dryness,  then  cover  the  dish,  heat, 
and  weigh ;  the  weight  found  expresses  the  total  quantity  of  po- 
tassium and  sodium  chlorides  given  by  1  gnn.  of  the  pearlasli. 
Estimate  the  potassium  and  sodium  now  severally  in  the  indirect 
way,  by  determining  the  chlorine  volumetrically  (§  141, 1.,  h).  For 
the  calculatioQ  of  the  results,  see  "  Calcnlation  of  Analyses"  in  the 
Appendix. 

4.  ESTIMATION  OF  ALKALI-EARTH  METALS  BY  THE 
ALKALIMETRIC  METHOD. 


The  alkali-earth  metals,  when  in  the  form  of  oxides,  hydrox- 
ides, or  carbonates,  may  also  be  determined  volumetrically  by  means 
of  standard  acid  and  alkali  solntions.  Standard  sulphuric  acid  may 
be  used  for  magnesium ;  standard  nitnc  add  for  barium,  strontium, 
and  calcium.  The  only  advantage  which  these  adds  possess  over 
hydrochloric  is  that  there  is  less  liability  of  loss  on  heating  solu- 
tions containing  them  in  the  free  state,  ^liich  is  necessary  when  cai^ 
bonic  is  present.  Hydrochloric  acid  can,  however,  be  used  with  safety 
if  precaution  be  taken  to  avoid  the  presence  of  an  unnecessary 
qnantity  when  the  solution  is  heated. 

If  an  oxide  or  hydroxide  free  from  carbonic  add  is  to  be  exam- 
ined, add  some  water  to  a  weighed  quantity,  and  allow  the  standard 
acid  to  flow  in  from  a  burette  until  solution  is  effected  and  the  solu- 


by  Google 


698  SPECIAL   PART.  [J  19ft 

tion  colored  with  litmuu  or  cochineal  gives  an  acid  reaction,  Then 
determine  the  excess  of  acid  used  by  means  of  the  GtaDdard  alkali 
Bolution. 

In  ease  of  a  carbonate,  dissolve  in  a  fiask,  adding  firetw^, 
then  standard  hydrochloric  acid  from  a  bnrette  in  small  snccesaTe 
portions,  nntil  solntion  is  complete ;  next  add  the  indicator  (titmo^ 
or  cochineal)  and  allow  the  standard  alkah  solution  to  mn  in  bm 
a  burette  antil  the  free  acid  is  nearly  neutralized.  Kow  rematt 
the  carbonic  acid  by  boiling  a  few  minutes,  and  complete  the  nen- 
tralization  witli  the  standard  alkalL 

To  calculate  the  amount  of  the  alkali-earth  metal,  deduct  from 
the  volume  of  standard  acid  used  the  amount  neutralized  bj  the 
total  quantity  of  standard  alkali  need  (which  is  calculated  from  tbe 
known  volumetric  relation  of  the  two  solutions) ;  the  remainder  Iw 
formed  a  normal  salt  with  the  alkali-earth  metal.  The  qnuiticT 
found  to  be  required,  its  absolute  strength,  molecniar  wei^t,  lad 
the  atomic  weight  of  the  alkali-earth  metal,  are  data  for  calculating 
the  amount  of  tbe  latter,  in  tbe  manner  explained  on  pp.  681-4.  If 
hydrochloric  acid  is  used  for  a  standard  acid,  bear  in  mind  that  i 
mol.  correspond  to  1  at.  of  an  alkali-earth  metah 

5.  CHLOEIMETET. 

§  199. 

The  "  chloride  of  lime,"  or  bleaching  powder"  of  rommertt. 
contains  calcium  hypochlorite,  calcium  chloride,  and  caidnni 
hydroxide.  The  two  latter  ingredients  are  for  the  most  part  com- 
bined with  one  another  as  calcium  oxychloride.  In  freshly  p^ 
pared  and  perfectly  normal  chloride  of  lime,  the  quantities  of  esl- 
ciura  hypochlorite  and  calcium  chloride  present  stand  to  each  other 
in  the  proportion  of  their  mol.  weights.  Whensnchchlorideoflifw 
is  bronght  into  contact  with  dilute  sulphuric  acid,  the  whole  of  the 
chlorine  it  contains  is  liberated  in  the  elementaty  form,  in  accord 
ance  with  the  following  equation : — 

CaCl,0,  +  CaCl,  +  2H,S0,  =  SCaSO,  +  2  H,0  +  4a 

On  keeping  chloride  of  lime,  however,  tbe  proportion  between  csl- 
ciura  hypochlorite  and  calcium  chloride  gradually  changes— thf 
former  decreases,  the  latter  increases.  Hence,  from  this  cause  akt?. 
to  say  nothing  of  original  difference,  the  commercial  article  is  liu^ 


by  Google 


g  200.]  CHLOMKETEY.  699 

of  uniform  quality,  and  on  treatment  with  acid  gives  Bometimes 
more  and  Bomotimes  less  chlorine. 

A^  the  value  of  this  article  depends  entirely  upon  the  amount 
of  chlorine  set  free  on.  treatment  with  acid,  chemists  have  devised 
various  simple  methods  of  determining  the  available  amount  of 
chlorine  in  any  given  sample.  These  methods  have  collectively 
received  the  name  of  Chlorimetry.  "We  describe  a  few  of  the  best. 

Peepabation  of  thb  Solution  of  Celobidb  of  Liub. 

The  solution  is  prepared  alike  for  all  methods,  and  best  in  the 
following  manner ; — 

Weigh  off  10  grm.,  triturate  finely  with  a  little  water,  add  grad- 
nally  more  water,  poor  the  liquid  into  a  litre  flask,  triturate  the 
residue  again  with  water,  and  rinse  the  contents  of  the  mortar  care- 
fully into  the  flask ;  fill  the  latter  to  the  mark,  shake  the  milky 
fluid,  and  examine  it  at  once  in  that  state,  i.e.,  without  allowing  it 
to  deposit ;  and  every  time,  before  measuring  off  a  fresh  portion, 
shake  again.  The  results  obtained  with  this  turbid  solution  are 
mnch  more  constant  and  correct  than  when,  as  is  usually  recom- 
mended, the  fluid  is  allowed  to  deposit,  and  the  experiment  is  made 
with  the  supernatant  clear  portion  alone.  The  truth  of  this  may 
readily  be  proved  by  making  two  separate  experiments,  one  with 
the  decanted  clear  fluid,  and  the  other  with  the  residuary  turbid 
mixture.  Thus,  for  instance,  in  an  experiment  made  in  my  own 
laboratory,  the  decanted  clear  fluid  gave  22-6  of  chlorine,  the  residu- 
ary mixture  25*0,  the  uniformly  mixed  turbid  solution  24-5. 

Ice.  of  the  solution  of  chloride  of  lime  so  prepared  con-e- 
sponds  to  0-01  grm.  chloride  of  lime. 

A.  Penot's  Method* 
§  200. 

This  method  is  based  upon  the  conversion  of  arsenious  acid  into 
arsenic  acid,  or  more  strictly,  an  arsenite  into  an  arsenate,  since  the 
conversion  is  effected  in  an  alkaline  solution.  Potassium  iodide- 
starch  paper  is  employed  to  ascertain  the  exact  point  when  the  reac- 
tion is  completed. 

*  Bulletin  de  la  Soci^U  iDdiutrielle  de  Hulhouae,  18BS,  No.  118.— Dingler'a 
Polytech.  Journal,  187,  184. 
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a.  Preparation  of  the  Potoisium  Iodide-Starch  Paper. 

The  following  method  is  preferable  to  the  original  one  giren  bv 
Penot  : — 

Stir  3  grm.  of  potato  starch  in  250  c  c  of  cold  water,  boil  witii 
stirring,  add  a  solution  of  1  gnn.  potassium  iodide  and  1  gnu. 
crystallized  sodium  carbonate,  and  dilate  to  500  c.  c.  Moisten  stripe 
of  line  white  unsized  paper  with  this  fluid,  and  diy.  Keep  in  i 
closed  bottle. 

h.  Preparation  of  the  solution  of  Arsentous  Acid. 

Dissolve  4-436  grm.  of  pure  arsenioiu  oxide  (As^O,)  and  13  gnn. 
pure  crystallized  sodium  carbonate  in  600 — 700  c.  c  water,  wiih  tie 
aid  of  licat,  let  the  solution  cool,  and  then  dilute  to  1  liter.  Eachcc 
of  this  solution  contains  an  amount  of  sodium  arsenite  eqniv&lest 
to  0004436  grm,  areeniouB  oxide  (As,0,),  which  corresponds  to  1 
a  c.  chlorine  gas  of  0°  and  760  mm.  atmospheric  pressure.* 

As  sodium  areenite  in  alkaline  solution  ia  liable,  when  exposed 
to  access  of  air,  to  be  gradiiallj  converted  into  sodimn  usenate. 
Penot's  solution  should  be  kept  in  small  bottles  with  glass  stoppen. 
filled  to  the  top,  and  a  fresh  bottle  used  for  every  new  series  of 
experiments.  According  to  Fr.  UoHRf  tlie  solution  keep* 
unchanged,  if  the  arsenious  oxide  and  the  sodium  carbonate  are 
both  ahsdutdy  free  from  oxidizable  matters  (arsentoos  sulphide. 
sodium  sulphide,  and  sodium  sulphite). 

*  Peuot  gives  tbe  quantlt;  of  nrsenioug  oxide  bs  4*44;  but  I  have  coitrctc^ 
this  number  to  4'4S0,  in  accordance  with  the  uow  received  alomicweisliUofiii< 
BubatflQceB  and  specific  gravity  of  chlorine  gas — after  tlie  following  prapoi' 
tion:— 

141-84  (4  at.  CI) :  198  (1.  mol.  As.O.) ::  817763  <weislit  of  1  litre  of  cblorineps);'- 
z  =  4'486,  i.e.,  tbe  quantity  of  arsenious  oxide  which  1  Hire  of  cbloriK  S" 
converts  Into  arsenic  add. 

This  solution  ia  arraoged  to  suit  the  foreign  mclbod  nf  dctdgnatuig  Ux 
Btrenglb  of  chloride  of  iime — vli.,  in  chlorimelrical  degrees  (each  degrwrepw- 
secls  1  litre  cblorine  gas  at  0°  and  760  mm.  pressure  in  a  kilogrwnme  of  llK»l^ 
stance).  This  method  was  proposed  by  Oaj-Luasac  The  decrees  may  mdilt 
i)c  converted  into  per  cents,  and  tn'M  tierM,  thus:  A  sample  of  clilonde  of  Uw 
of  90°  contains  90  X  B'17768  =  286'9B«  grm.  cblorine  in  1000  grtn.  or28-»  « 
100;  and  a  sample  containing  84'2  per  cetil,  cblniine  Is  of  107-8°,  tor  lOOpm-nf 
the  subatance  contain  84  3  grm.  chlorine;  .-.  1000  grm.  of  Hie  aubstanee  contain 
342 grm.  chlorine,  but  842  grm.  chlorine  =  j.^V^  litrea  =  107-6 liin*;.'.!** 
grm.  of  the  substance  contain  107-6  litres  cltlorine. 

\  Hie  Lebrbucb  der  Titrinnethode,  S  Aufl.,  &.  S80. 
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c.  The  Process. 

Measure  off,  with  a  pipette,  50  c  c.  of  the  solution  of  chloride  of 
lime  prepared  according  to  the  directions  of  §199,  transfer  to  a 
beaker,  and  from  a  50  c.  c.  burette  add  slowly,  and  at  last  drop  bj 
drop,  the  solution  of  arsenioos  acid,  with  constaiit  stirring,  until  a 
drop  of  the  mixture  produces  no  longer  a  blue-colored  spot  on  the 
iodized  paper ;  it  is  very  easy  to  hit  the  point  exactly,  aa  the  grad- 
ually increasiDg  faintness  of  the  blue  spots  made  on  the  paper  by 
the  fluid  dropped  on  it  indicates  the  approaching  termination  of  the 
reaction,  and  warns  the  operator  to  confine  ihe  further  addition  of 
the  solution  of  arsenioiis  acid  to  a  single  drop  at  a  time.  The  num- 
ber of  i  c.  c.  used  indicates  directly  the  numbec  of  chlorimetrical 
degrees  (see  note),  as  the  following  calculation  ehowe :  Suppose  you 
have  used  40  c.  c.  of  solution  of  arsenious  acid,  then  the  quantity  of 
chloride  of  lime  used  in  the  experiment  contains  40  c.  c.  of  chlorine 
gas.  Now,  the  50  c.  c.  of  solution  employed  correspond  to  0'6  grm. 
of  chloride  of  lime ;  therfore  0-5  grm.  of  chloride  of  lime  contain 
40  c.  c,  chlorine  gas,  therefore  1000  grm.  contain  80000  c.  c.  =  80 
litres.  This  method  gives  vfery  constant  and  accurate  results,  and 
appears  to  be  particularly  well  suited  for  use  in  manufacturing 
eetablishments  where  there  is  no  objection,  on  the  score  of  danger, 
to  the  employment  of  arsenious  acid.     (Expt.  No.  99.) 

B.  Otto's  Me^iod. 
§  201. 

The  principle  of  this  method  is  as  follows; — 

Two  molecules  of  ferrous  sulphate  when  brought  in  contact 
with  dilorine  in  presence  of  water  and  free  snlphuric  acid,  give  1 
iiiol.  ferric  sulphate  and  2  mol.  HCl,  the  process  consuming  3  at. 
chlorine, 

2FeS0.  +  H,SO.  +  201  =  Fe(SOJ.  +  2HCL 
1  mol.  crystallized  ferrous  snlpliate : — 
(FeS0.-7H,0)  =  278 

correspond  to  35'46  of  chlorine,  or,  in  other  terms,  0'7839  grm. 
crystallized  ferrous  sulphate  correspond  to  O'l  grm,  chlorine. 

The  ferrous  sulphate  reqaired  for  these  experiments  is  beat  pre- 
pared as  follows : — 
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Take  iron  nails,  free  from  rust,  and  dissolve  in  dilute  enlpharic 
acid,  applying  heat  in  the  last  stage  of  the  operation :  filter  the  eola- 
tion, still  hot,  into  about  twice  it*  volume  of  common  alcohol  The 
precipitate  coneiete  of 

FeSO.  +  7H,0. 

Collect  npon  a  filter,  wash  with  common  alcohol,  spread  npon  a 
sheet  of  blotting  paper,  and  dry  in  the  air.  When  the  mass  smelk 
no  longer  of  alcohol,  transfer  to  a  bottle  and  keep  this  well  corl:ed 
'Instead  of  ferrous  sulphate,  ammonium  ferrous  snlphate  (p.  US) 
may  be  used.  0*1  gnn.  of  chlorine  reacts  with  1*1055  grm.  uf  ib'a 
double  snlphate. 

Tke  Process.  • 

Dissolve  3-1356  grm.  (4  X  '7839  grm.)  of  the  precipitated  fer- 
rous sulpliate,  or  ■4*422  grm.  (i  X  1"1055  grm.)  of  ammonium  fer- 
rous sulphate,  with  addition  of  a  few  drops  of  dilute  Enlpharie 
acid,  in  water,  to  200  c.  c. ;  take  out,  with  a  pipette,  50  c.  c,  corre- 
sponding to  0'7839  grm.  ferrous  sulphate,  or  1' 1056  grm.  ammonium 
ferrous  sulphate,  dilute witli  150 — 200  c.  e.  water,  add  a  BufiBcienrj 
of  pure  hydrochloric  acid,  and  run  in  from  a  50  c  c.  bnrette  tlie 
freshly  shaken  solution  of  chloride  of  lime,  prepart-d  according  to 
§  199,  until  the  ferroos  sulphate  is  completely  converted  into  ferric 
snlphate.  To  know  the  exact  point  when  the  reaction  is  completed, 
place  a  number  of  drops  of  a  solution  of  potassium  ferricyanide  on 
a  plate,  and  when  the  operation  is  drawing  to  an  end  apply  some 
of  the  mixture  witli  a  stirring-rod  to  one  of  the  drops  on  the  pUte, 
and  observe  whether  it  produces  a  blue  precipitate ;  repeat  the 
experiment  after  every  fresh  addition  of  two  drops  of  the  solntion 
of  chloride  of  lime.  When  the  mixture  no  longer  produces  a  blue 
precipitate  in  the  solution  of  potassium  ferricyanide  on  the  pUie, 
read  o£E  the  number  of  volumes  used  of  the  solution  of  chloride  of 
lime. 

The  amonnt  of  solution  of  chloride  of  lime  used  contained  O'l 
grm.  of  chlorine.  Suppose  40  c  c  have  been  used :  as  every  c.  c. 
corresponds  to  0*10  grm.  of  chloride  of  lime,  the  percentage  bj 
weight  of  available  chlorine  in  the  chloride  of  lime  is  fonnd  by  tlie 
following  proportion : — 

0-40  :  0*10::  100:«;  a!=25; 
or,  by  dividing  1000  by  the  number  of  c  c  used  of  the  solntion  of 
chloride  of  lime. 
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This -method  also  gives  very  satiefactorj  results,  provided 
always  that  the  ferrous  salt  is  perfectly  dry  and  free  from  ferric 
salt. 

Modification  of  the  preening  Method. 

Instead  of  the  Bolution  of  ferroas  sulphate,  a  Bolution  of  ferrona 
chloride,  prepared  by  dissolving  pianoforte  wire  in  hydrochloric 
acid  (according  to  p.  268),  may  be  used  with  the  best  results.  If 
0'6316  of  pure  metallic  iron,  i.  e.,  0'6335  of  fine  pianoforte  wire 
(which  may  be  assumed  to  contain  99*7  per  cent,  of  iron),  are  dis- 
solved to  200  c.  c.,  the  solution  so  prepared  contains  exactly  the 
same  amount  of  iron  as  the  solution  of  ferrous  sulphate  above  men- 
tioned— that  is  to  say,  50  c.  c.  of  it  correspond  to  O'l  grm.  chlorine. 
But  as  it  is  inconvenient  to  weigh  o£E  a  definite  quantity  of  iron 
wire,  the  following  course  may  be  pursued  in  preference :  Weigh  off 
accurately  about  0'15  grm.,  dissolve,  dilute  the  solution  to  about 
200  c.  c,  convert  the  ferrous  into  ferric  chloride  with  the  solution 
of  chloride  of  lime,  prepared  according  to  the  directions  of  §  199, 
and  calculate  the  chlorine  by  the  proportion 

56  ;  35*46  ::  the  quantity  of  iron  used  ;  x', 

the  X  found  corresponds  to  the  chlorine  contained  in  the  amount 
used  of  the  solution  of  chloride  of  lime.  This  calculation  may  be 
dispensed  with  iij  the  application  of  the  following  formula,  in 
which  the  carbon  iu  the  pianoforte  wire  is  taken  into  account : — 

Multiply  the  weight  of  the  pianoforte  wire  by  6313,  and  divide 
the  product  by  the  number  of  c.  c  used  of  the  solution  of  chloride 
of  lime;  the  result  expresses  the  percentage  of  chlorine  by 
weight. 

This  method  gives  very  good  results.  I  have  described  it  here 
principally  because  it  dispenses  altogether  with  the  use  of  standard 
fluids.  It  is  therefore  particularly  well  adapted  for  occasional 
examinations  of  samples  of  chloride  of  lime,  and  also  by  way  of 
control    (See  Expt.  No.  99-) 

C.  Ecnsen'b  Method. 

Pour  10  c.  c  of  the  solution  of  chloride  of  lime,  prepared  accord* 
ing  to  the  directions  of  §  199  (containing  0-1  chloride  of  lime),  into 
a  beaker,  and  add  about  6  c.  a  of  the  solution  of  potassium  iodide, 
prejiared  according  to  p.  445  (containing  0"6  KI) ;  dilute  the  mix- 
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ture  with  abont  100  c.  c.  of  water,  acidify  with  liydrocbloric  add, 
and  determine  the  liberated  iodine  as  directed  §  146.  As  1  at. 
iodine  coireeponds  to  1  at.  chlorine,  the  calculation  is  ea«j.  This 
method  gives  ezcelleot  reealta.     (Compare  ExpL  No  99.) 

6.  EXAMINATION  OF  BLACK  OXIDE  OF  MANGANESE 


The  native  black  oxide  of  manganese  (as  also  the  r^nented 
artificial  prodnct)  is  a  mixtnre  of  manganese  dioxide  with  lover 
oxides  of  that  metal,  and  with  ferric  oxide,  clay,  &c.,  j  it  also  inn- 
riably  contains  moisture,  and  freqnently  chemically  combined 
water.  The  commercial  value  of  the  article  depends  entirely  npon 
the  amount  of  dioxide  (or,  more  correctly  expressed,  of  amilable 
oxygen)  which  it  contains.  By  "  available  oxygen  "  we  nnderetaiid 
the  excess  of  oxygen  contained  in  a  manganese,  over  the  1  at-  com- 
bined with  the  metal  to  monoxide ;  npon  treating  the  ore  Tith 
hydrochloric  acid,  an  amount  of  chlorine  is  obtained  equivalent  lu 
this  excess  of  oxygen.  This  available  oxygen  is  always  expreeffi 
in  the  form  of  manganese  dioxide,  lat.  correeponds  tolmoLniin 
ganese  dioxide,  since  MnO,  =  MnO  -|-  O. 

I.  DKTdo  THB  Sample. 
All  analyses  of  manganese  proceed,  of  coarse,  upon  the  anppo- 
sition  that  the  sample  operated  upon  is  a  fair  average  specimen  of 
the  ore.  A  portion  of  a  tolerably  finely  powdered  average  eample 
is  generally  sent  for  analysis  to  the  chemist ;  in  the  case  of  nev 
-  lodes,  however,  a  number  of  samples,  taken  from  difierent  parte  ot 
the  mine,  are  also  occasionally  sent.  If,  in  the  latter  case,  the  iver- 
age  composition  of  the  ore  is  to  be  ascertained,  and  not  siuiplj  tbii 
of  several  samples,  the  following  course  must  be  resorted  to ;  Cnst 
the  several  samples  of  the  ore,  in  an  iron  mortar,  to  coarse  povder, 
and  pass  the  whole  of  this  tlirough  a  rather  coarse  sieve.  Uis  dd>- 
formly,  then  remove  a  sufficiently  large  portion  of  the  coaree  {»*'■ 
der  with  a  spoon,  redace  it  to  powder  in  a  steel  mortar,  paeaingtbe 
whole  of  this  through  a  fine  sieve.  Mix  the  powder  obtained  br 
this  second  process  of  pulverization  most  intimately ;  take  about  S 
— 10  grm,  of  it,  and  triturate  this,  in  small  portioue  at  a  time,  in 
an  agate  mortar,  to  an  impalpable  powder.    Average  samples  m 
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generally  already  snfficieotlj  fine  to  require  onlj  the  last  opera- 
tion. 

Aa  regards  the  temperature  at  which  the  powder  ie  to  be 
dried,  if  you  desire  to  expel  the  whole  of  the  moistiire  withont  dis- 
turbing say  of  the  water  of  hydration,  the  temperatnre  adopted 
must  be  120°  (this  is  the  result  of  my  own  experiments,  see  Expt 
No.  100).  But,  aa  there  appears  to  be  at  present  an  almost  anivor^ 
sal  understanding,  in  the  manganese  trade,  to  limit  the  diying  tem- 
perature to  100°,  the  fine  powder  is  exposed,  in  a  shallow  copper  or 
brass  pan,  for  6  hours,  to  the  temperature  of  boiling  water,  in  a 
water  bath  (p.  53,  fig.  23.) 

When  the  samples  have  been  dried,  they  are  introduced,  still 
hot,  into  glass  tubM  12 — 14  cm.  long  and  8 — 10  mm.  wide,  sealed 
at  one  end ;  these  tubes  are  then  corked  and  allowed  to  cool. 

In  laboratoriee  where  whole  series  of  analyses  of  different  ores 
are  of  frequent  occurrence,  it  is  advisable  to  number  the  diying- 
pauB  and  glass  tubes,  and  to  transfer  the  samples  always  from  the 
pan  to  the  tube  of  the  corresponding  number. 


n.   DETEBHnSATIOlI  OP  THE  MaSOASSSB  DiOXIDB. 


Of  the  many  methods  that  have  been  proposed  for  the  valuation 
of  manganese  ores,  I  select  three  as  the  most  expeditions  and  accu- 
rate. The  first  is  more  particularly  adapted  for  technical  pus 
poees. 

A.  Fbesenius  and  Will's  Method. 

a.  If  oxalic  acid  (or  an  oxalate)  is  brought  into  contact  with 
manganese  dioxide  in  presence  of  water  and  excess  of  sulphuric 
acid,  maoganous  sulphate  is  formed,  and  carbon  dioxide  evolved, 
while  the  oxygen,  which  we  may  assume  to  exist  in  the  manganese 
dioxide  in  combination  with  the  monoxide,  combines  with  the  ele- 
ments of  the  oxalic  acid,  and  thv4  converts  the  latter  into  carbon 
dioxide. 

MnO.  +  H,SO.  +  H.C.O.  =  MnSO,  +  2H.0  +  200,. 

Each  atom  of  available  oxygen-,  or,  what  amounts  to  the  sa:ne, 
each  mol.  binoxide  of  manganese  =  87,  gives  2  moL  carbon  dioxide 
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h.  If  this  process  is  performed  in  a  weighed  apparatas  from 
which  nothing  except  tlie  evoWed  carbonic  acid  can  escape,  and 
which,  at  tlie  same  time,  permits  the  complete  expnlsion  of  tlid 
acid,  the  diminntion  of  weight  will  at  once  show  the  amoant  I'f 
carbonic  acid  which  has  escaped,  and  consequently,  by  a  very  sim- 
ple calculation,  the  quantity  of  dioxide  contained  in  the  analyztJ 
manganese  ore.  As  88  parte,  by  weight,  of  carbon  dioxide  corre- 
spond to  87  of  manganese  dioxide,  the  carlwn  dioxide  foond  neei 
simply  be  mnltiplied  by  87,  and  the  product  divided  by  88,  or  iLe 
carbon  dioxide  may  be  multiplied  by 


to  find  the  corresponding  amount  of  manganese  dioxide. 

c.  But  even  this  calculation  may  be  avoided  by  simply  nang  in 
the  operation  the  exact  weight  of  ore  which,  if  the  latter  cod- 
eisted  of  pure  dioxide,  would  ^ve  100  parts  of  carbon  dioxide. 

The  number  of  parts  evolved  of  carbon  dioxide  expresses,  in 
that  case,  directly  the  number  of  parts  of  dioxide  contained 
in  100  parte  of  the  analyzed  ore.  It  resnlts  from  b  that  9S?7 
is  the  number  required.  Suppose  the  experiment  is  made 
with  09887  gnm,  of  the  ore,  the  number  of  centigrammes  of 
carbon  dioxide  evolved  in  the  process  expresses  directly  the 
percentage  of  dioxide  contained  in  the  analyzed  manganese  ore- 
Now,  as  the  amount  of  carbon  dioxide  evolved  from  O'P^n 
grm.  of  manganese  would  be  rather  small  for  accurate  weigh- 
ing, it  is  advisable  to  take  a  multiple  of  this  weight,  and  to 
'divide  afterwards  the  number  of  centigrammes  of  carbon  dioiide 
evolved  from  this  multiple  weight  by  the  same  number  by  whicii 
the  unit  has  been  multiplied.  The  multiple  which  answers  the  pur- 
pose best  for  superior  ores  is  the  triple,  ^  ^'966 ;  for  inferior  orre. 
I  recommend  the  quadruple,  =  3'955,  or  the  quintuple,  =  i-fri-SJ. 

The  analytical  process  is  performed  in  the  apparatus  illnstnted 
in  fig.  58,  p.  409. 

The  flask  A  should  hold,  up  to  the  neck,  about  120  cf.;  S 
about  100  c  c  The  latter  is  half  filled  with  sulphuric  acid ;  t!'e 
tube  o  is  dosed  at  b  with  a  little  wax  ball,  or  a  very  small  piece  of 
caoutchouc  .tubing,  with  a  short  piece  of  glass  rod  inserted  in  the 
other  end. 

Place  2-966,  or  3-955,  or  4-9435  grm.— according  to  the  qoalitT 
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of  the  ore — in  a  watch-glasB,  and  tare  tlie  latter  meet  acearately  on 
a  delicate  balance ;  then  remove  the  weight*  from  the  watch-glass, 
and  replace  them  bj  manganese  from  the  tube,  very  cautiously, 
with  the  aid  of  a  gentle  tap  with  the  finger,  nutil  the  equilibrium  is 
exactly  reetored.  Transfer  tlie  weighed  sample,  with  the  aid  of  a 
card,  to  the  flaek  A,  add  5—6  grra,  normal  sodium  oxalate,  or 
about  T'5  grm.  normal  potassium  oxalate,  in  powder,  and  as  much 
water  as  will  fill  the  fiask  to  about  one  tliird.  Insert  the  cork  iuto 
A,  and  tare  the  apparatus  on  a  strong  but  delicate  balance,  bj 
means  of  shot,  and  lastly,  tinfoil,  not  placed  directly  on  the  scale, 
but  in  an  appropriate  vessel.  The  tare  is  kept  andcr  a  glass  bell. 
Try  whether  the  apparatus  cloBea  air-tight.  Then  make  some  sol- 
phuric  acid  flow  from  S  into  A,  by  applying  suction  to  d,  by 
means  of  a  caoutchouc  tube.  The  evolution  of  carbon  dioxide  com- 
mences immediately  in  a  steady  and  uniform  manner.  When  it 
begins  to  slacken,  cause  a  fresh  portion  of  sulphnric  acid  to  pass 
into  A,  and  repeat  this  until  the  manganese  ore  is  completely 
decomposed,  which,  if  the  sample  has  been  very  finely  pulverized, 
requires  at  the  most  about  five  minutes.  The  complete  decompo- 
sition of  the  analyzed  ore  is  indicated,  on  the  one  hand,  by  the  ces- 
sation of  the  disengagement  of  carbon  dioxide,  and  its  Qon-renewal 
upon  the  influx  of  a  fresh  portion  of  snlphunc  acid  into  A  ;  and,  on 
the  other  hand,  by  the  total  disappearance  of  every  trace  of  black 
powder  from  the  bottom  of  A* 

Now  canse  some  more  sulphuric  acid  to  pass  from  j5  into  A, 
to  heat  the  fluid  in  the  latter,  and  expel  the  last  traces  of  carbon 
dioxide  therein  dissolved ;  remove  the  wax  stopper,  or  india-rubber 
tube,  from  5,  and  apply  gentle  suction  to  d  until  the  air  drawn  out 
tastes  no  longer  of  carbon  dioxide.  Let  the  apparatus  cool  com- 
pletely in  the  air,  and  place  it  on  the  balance,  with  the  tare  on  the 
other  scale,  and  restore  equilibrium.  The  number  of  centigramme 
weights  added,  divided  by  3,  4,  or  5,  according  to  the  multiple  of 
0'9887  grm.  used,  expresses  the  percentage  of  dioxide  contained  in 
the  analyzed  ore. 

In  experiments  made  with  definite  quantities  of  the  ore,  weigh- 
ing in  an  open  watch-glass  cannot  well  be  avoided,  and  the  dried 
manganese  is  thns  exposed  to  the  chance  of  a  reabsorption  of  water 

*  If  the  mangancae  ore  has  been  pulverized  in  an  Iron  mortar,  a  few  black 
Spots  (psrliclea  of  iron  from  the  mortar)  will  often  remain  perceptible. 
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from  the  air,  wliich  of  course  tends  to  interfere,  to  iiowerer  w 
trifling  an  extent,  with  tlie  accnrac;  of  the  reenlta.  Id  verr  pre- 
cise experiments,  therefore,  the  best  waj  is  to  analyze  an  indeter- 
minate quantity  of  the  ore,  and  to  calculate  the  percentage  u 
shown  above.  For  this  purpose,  one  of  the  little  corked  tnbei 
filled  with  tlie  dry  palverized  ore,  is  accurately  weighed,  md 
about  3  to  5  grm.  (according  to  the  quality  of  the  ore)  are  tnis- 
ferred  to  the  flask  A.  By  now  reweighing  the  tube,  the  enct 
quantity  of  ore  in  the  flask  is  ascertalBed.  To  facilitate  this  op^i- 
tion,  it  is  advisable  to  scratcli  on  the  tube,  with  a  file,  marks  iudi- 
eating  approximately  tlie  various  quantities  which  may  be  required 
for  the  analysis,  according  to  the  quality  of  the  ore. 

With  proper  skill  and  patience  on  the  part  of  the  operato,  > 
good  balance  and  correct  weights,  this  method  gives  moet  accnnte 
and  corresponding  results,  differing  in  two  analyses  of  the  same 
ore  barely  to  the  extent  of  0'2  per  cent. 

If  tlie  results  of  two  assays  differed  by  more  than  0-2  per  ccDt, 
a  third  experiment  sliould  be  made.  In  laboratories  where  uialj^e 
of  manganese  ores  are  nmtters  of  frequent  occurrence,  it  will  be 
found  convenient  to  use  an  aspirator  for  encking  out  the  orixn 
dioxide.  In  the  case  of  very  moist  air,  the  error  which  proceeds 
from  the  fact  that  the  water  in  the  air  drawn  through  the  appan- 
tuB  is  retained,  and  wliich  is  usually  quite  inconsiderable,  may  now 
be  increased  to  an  important  extent.  Under  such  circunietance& 
connect  the  end  of  the  tube  b  with  a  calcium  chloride  tube  during 
the  suction. 

Very  accurate  determinations  may  also  be  made  by  wd^ing 
the  evolved  carbon  dioxide.  For  this  purpose  the  appantns 
described  on  page  414,  fig.  61,  is  well  adapted.  From  -5  to  l.gniL 
ore  should  be  used  for  a  determination.  Introdnce  the  ore  awi 
oxalic  acid  or  oxalate  into  the  decomposing  flask,  fill  the  flask  abont 
one  third  with  water,  connect  the  several  parts  of  the  apparatus  is 
for  the  determination  of  carbonic  acid,  decompose  the  ore  1^ 
admitting  gradually  strong  sulphuric  acid,  remove  the  evolved  CO, 
completely  from  the  unweighed  portion  of  the  apparatus  into  the 
potash  bulbs  as  described  for  the  determination  of  CO^ 

Some  ores  of  manganese  contain  carbonates  of  the  allcaii-«irA 
mitah,  which  of  course  necessitates  a  modification  of  the  fore^ing 
process.  To  ascertain  whether  carbonates  of  the  alkali-earth  metals 
are  present,  boil  a  sample  of  the  pulverized  ore  with  water,  and 
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add  mtric  acid.  If  any  eServesccnce  takes  place,  the  proceas  is 
modified  as  follows  (Bohb*): 

After  the  weighed  portion  of  ore  haa  been  introduced  into 
the  flask  A,  treat  it  with  water,  bo  that  the  flask  maj  be  about 
i  full,  add  a  few  drops  of  dilute  enlphnric  acid  (1  part,  by  weight, 
Balphnric  acid,  to  5  parts  water)  and  warm  with  agitation,  prefer- 
ably in  a  water  bath.  After  some  time  dip  a  rod  in  and  test 
whether  the  flnid  poesesses  a  strongly  acid  reaction.  If  it  does 
not,  add  more  sulphuric  acid.  As  soon  as  the  whole  of  the  car- 
bonates are  decomposed  by  continued  beating  of  the  acidified  fluid, 
completely  neutralize  the  excess  of  acid  with  soda  solntion  free 
from  carbonic  acid,  allow  to  cool,  add  the  usual  quantity  of  sodiom 
oxalate,  and  proceed  as  above. 

If  you  have  no  soda  solution  free  from  carbonio  acid  at  hand, 
3'on  may  place  the  sodinin  oxalate  or  oxalic  acid  (about  3  grm.)  in 
a  small  tube,  and  suspend  this  in  the  flask  A  by  means  of  a  thread 
fastened  by  the  cork.  When  the  apparatus  is  tared,  and  yoa  have 
satisfied  yourself  that  it  is  air-tight,  release  the  thread  aud  proceed 
as  above. 

B.  Bunbbb'b  Mdhod. 

Beduce  the  ore  to  the  very  finest  powder,  weigh  off  about  0*4 
grm.,  introduce  this  into  the  small  flask  a,  illustrated  in  fig.  64,  p. 
435,  and  pour  pure  fuming  hydrochloric  acid  over  it ;  condnct  the 
process  exactly  as  in  the  analysis  of  chromates.  Boil  until  the  ore 
is  completely  dissolved  and  all  the  chlorine  expelled,  which  is 
effected  in  a  few  minutes.  3  atoms  of  iodine  separated  conespond 
to  2  at.  chlorine  evolved,  and  accordingly  to  1  mol.  of  manganese 
dioxide.  For  the  estimation  of  the  separated  iodine,  the  method 
§  146  may  be  employed.     Results  most  accurate. 

C  Estimation  of  the  Mfrngatisse  Dioxide  by  fneans  of  Iron, 

Dissolve,  in  a  small  long-necked  flask,  placed  in  a  slanting  posi- 
tion, abont  1  gnn.  pianoforte  wire,  accurately  weighed,  in  moder- 
ately  concentrated  pure  hydrochloric  acid ;  weigh  off  about  O'C  grm. 
of  the  sample  of  manganese  ore  in  a  little  tube,  drop  this  into  the 
flaek,  with  its  contents,  and  heat  cautiously  until  the  ore  is  dis- 
solved. 1  mol.  of  manganese  dioxide  converts  2  at.  of  dissolved 
iron  from  the  state  of  ferrous  to  ferric  chioride.     When  complete 
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Bolutiun  lias  taken  place,  dilute  the  contents  of  the  flaak  with  water, 
allow  to  cool,  rinse  into  a  beaker,  and  determiae  the  iroa  stiU 
remaining  in  the  atate  of  ferroua  chloride  with  potaseiam  dichro 
mate  (p.  274).  Deduct  this  from  the  weight  of  the  wire  employed 
in  the  process ;  the  difference  expresses  the  quantity  of  iron  wlilch 
baa  been  converted  by  the  oxygen  of  the  manganese  from  ferrous 
to  ferric  chloride.*  This  difference  multiplied  by  */^  or  0-7763 
gives  the  amount  of  manganese  dioxide  in  the  analyzed  ore.  This 
method  also,  if  carefully  executed,  gives  very  accurate  results. 

The  main  reason  why  this  method  is  less  suitable  for  industrial 
use  than  the  first  lies  in  the  fact  that  the  analyst  must  wort  with 
much  smaller  quantities  of  substance.  Hence  to  obtain  results 
equally  accurate  with  those  yielded  by  A,  far  greater  nicety  in 
weighing  and  manipulating  is  required.  Instead  of  metallic  iron, 
weighed  quantities  of  pure  ferrous  sulphate  or  ferrous  ammonium 
sulphate  may  be  used. 


IIL    EsTOfATIOlT  OF  MoiSTDBB  TO  AlANGAIfESE. 


In  the  purchase  and  sale  of  manganese,  a  certain  proportion  of 
moiotnre  is  usually  assumed  to  be  present,  and  often  a  percentage 
is  fixed  within  which  the  moisture  must  be  confined.  In  estimat- 
ing the  moisture  the  same  temperature  should  be  employed,  it 
which  the  drying  for  the  purpose  of  determinijig  the  dioxide  is 
effected  {§  202, 1.). 

As  the  amount  of  moisture  in  an  ore  may  be  altered  by  the 
operations  of  crashing  and  pulverizing,  the  experiment  should  be 
made  with  a  sample  of  the  mineral  which  has  not  yet  been  aub- 
jected  to  these  processes.  The  drying  must  be  continued  uuti)  no 
further  diminution  of  weight  is  observed ;  at  100°,  this  takesabont 
6  hours;  at  120°,  generally  only  IJ  hours.  If  tie moistnre in » 
manganese  ore  is  not  to  be  estimated  on  the  spot,  but  in  the  Isbon- 
tory,  a  fair  average  sample  of  the  ore  should  be  forwarded  to  the 
chemist  in  a  strong,  perfectly  dry,  and  well-corked  bottle. 


0-997, 
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In  very  precise  eiperiments,  the  weight  of  the  iron  muat  be  maltiplied  bj 
r,  since  pianoforte  wire  may  always  be  aasumed  to  contain  iboat  OiW> 
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lY.  £aTnu.Tios  of  tek  Auouht  of  Hydkochlobio  Acid  bequiskd 

FOB  TBB  COUPLBTB  BeOOUPOBITION   OF  A   KaHOANEBE. 


DifEerent  maDganeee  ores,  containing  the  same  amonnt  of  avail- 
able oxygen,  or,  as  it  is  usiiallj  expressed,  of  binoxide  of  manga- 
nese, may  require  very  different  quantities  of  hydrochloric  acid  to 
effect  their  decomposition  and  solution,  so  as  to  give  an  amount  of 
chlorine  corresponding  to  the  available  oxygen  in  tiiem;  thus,  an 
ore  consisting  of  60  per  cent,  of  binoxide  of  manganese  and  40  per 
cent,  of  sand  and  clay  requires  4  mol.  hydrochloric  acid  to  1  at.  of 
available  oxygen;  whereas  an  equally  rich  ore  containing  lower 
oxides  of  manganese,  ferric  oxide,  or  calcium  carbonate  requires  a 
much  larger  proportion  of  hydrochloric  acid. 

The  quantity  of  hydrochloric  acid  in  question  may  be  deter- 
mined by  the  following  process : — 

Determine  volumetrically  the  strength  of  a  moderately  strong 
hydrochloric  acid  (of,  say,  I'lO  sp.  gr.).  Warm  10  c  c.  of  the  same 
acid  with  a  weighed  quantity  (about  1  grm.)  of  the  manganese,  in 
a  small,  long-necked  flask,  with  a  glass  tube,  about  3  feet  long, 
fitted  into  the  neck.  Fix  the  flask  in  a  position  that  the  tube  is 
directed  obliquely  upwards,  and  then  gently  heat  the  contents. 
As  soon  as  the  manganese  is  decompoeed,  apply  a  somewhat 
stronger  heat  for  a  short  time,  to  expel  the  chlorine  which  still 
remains  in  solution ;  but  carefully  avoid  continuing  the  application 
of  heat  longer  than  is  absolutely  necessary,  as  it  is  of  importance 
to  guard  against  the  slightest  loss  of  hydrochloric  acid.  Let  the 
flask  cool,  dilute  the  contents  with  water,  and  determine  the  free 
bydrochloric  acid  remaining.  Deduct  the  quantity  found  from 
that  originally  added ;  the  difference  expresses  the  amount  of 
hydrochloric  acid  required  to  effect  the  decomposition  of  the  man- 
ganese ore. 

r  ANALYSIS  OF  COMMON  SALT. 


I  select  this  example  to  show  how  to  analyze,  with  accnracy  and 
tolerable  expedition,  salts  which,  with  a  predominant  principal 
ingredient,  contain  small  quantities  of  other  substances. 
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a.  Rednee  the  aalt  by  trituration  to  a  nniform  powder,  and  pnt 
this  into  a  stoppered  bottle. 

b.  Weigh  off  10  gnn.  of  the  powder,  and  dissolve  in  a  beaker 
by  digestion  with  water ;  filter  the  solution  into  a  ^litre  SBak,  ani 
thoroughly  wash  the  small  residue  which  generally  remains. 
Finally,  fill  the  fiask  with  water  up  to  the  mark,  and  shake  the 
fluid. 

If  small  white  grains  of  calcium  sulphate  are  left  on  diseolTing 
the  salt,  reduce  them  to  powder  in  a  mortar,  add  water,  let  tbe 
mixture  digest  for  some  time,  decant  the  clear  supernatant  fluid 
on  to  a  filter,  tritnrate  the  undisaolved  deposit  again,  add  water, 
&c,  and  repeat  the  operation  until  complete  solution  is  effected. 

c.  Ignite  and  weigh  the  dried  insoluble  residue  of  J,  and  subject 
it  to  a  qualitative  examination,  more  especially  with  a  view  to  ascer- 
tain whether  it  is  perfectly  free  from  calcium  sulphate. 

d.  Of  the  soIatioQ  6,  measure  off  successively  the  following 
quantities : 

For  e.    50  c.  c.  corresponding  to  1  grm.  of  common  salt 

"  /.  150  c  c  «  «  3  "  " 

"   jr.  150  c.  c.  "  «  S         "  " 

"  A.    50  cc  "  '*  1         "  " 

s.  Determine  in  tbe  50  c.  c.  measured  off,  the  chlorine  ae  directed 
§  141, 1.,  a  or  i. 

f.  Determine  in  the  150  o.  c.  measared  off,  BtUphuric  aeid  t& 
directed  §  132,  L,  1. 

g.  Determine  in  the  150  cc.  measured  off,  the  ealcium  and 
magntsium^  as  directed  p^  496,  28. 

k.  Mix  the  50  c.  c.  measured  off  in  a  platinum  dish,  with  abonc 
i  c.  c.  of  pure  concentrated  sulphuric  acid,  and  proceed  as  directai 
§  9S,  1.  The  neutral  residue  contains  the  sulphates  of  sodinm, 
calcium,  and  magnesium.  Deduct  from  this  the  quantity  of  Uk 
two  latter  substances  as  resulting  from  g ;  the  remainder  is  »od\vm 
sulphate. 

i.  Determine  in  another  weighed  portion  of  the  salt,  the  v>aifr 
as  directed  §  35,  o,  a,  at  the  end. 

k.  Bromine  and  other  bodies,  of  which  only  very  minnta  tnces 
are  found  in  conamon  salt,  are  determined  by  the  methods  desciibed 
in  Part  L 
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8.  AliAXYSIS  OF  QUNPOWDEK.* 

§207. 

Gunpowder,  aa  ia  well  known,  confiistB  of  nitre,  snlphnr,  and  char- 
coal, and,  in  the  ordinaiy  condition,  invariably  contains  a  Bmall  quan- 
tity of  moistnre.  The  anal^Bis  is  freqnentlj  confined  to  the  deter- 
mination of  the  three  constituentB  and  the  moistnre,  but  often  the 
examination  ie  extended  to  the  nature  of  the  charcoal,  and  the  car- 
bon, hydrogen,  oxygen,  and  ash  therein  are  estimated. 

a.  Detertnination  of  the  Moisture. 

Weigh  2 — 8  grm.  of  the  enhstance  (not  reduced  to  powder) 
between  two  well-fitting  watch-glaeseB,  and  dry  in  the  desiccator,  or 
at  a  gentle  heat,  not  exceeding  60°,  till  the  weight  remains  con- 
stant. 

}.  Determrnation  of  the  Niire. 

Place  an  accurately  weighed  quantity  (about  6  gnn.)  on  a  filter, 
moistened  with  water ;  saturate  with  water,  and,  after  some  time, 
repeatedly  pour  emaU  quantities  of  hot  water  upon  it  until  the 
potassium  nitrate  is  completely  extracted.  Keceive  the  firet  filtrate 
in  a  sma!]  weighed  platinum  dish,  the  washings  in  a  beaker  or 
email  fiask.  Evaporate  the  contents  of  the  platinum  dish  cau- 
tiously, adding  the  washings  from  time  to  time,  heat  the  residue 
cautiously  to  incipient  fusion,  and  weigh  it.f 

c.  Determination  of  the  Sulphur. 

Oxidize  2 — 3  grm.  of  the  powder  with  pure  concentrated  nitric 
acid  and  potassium  chlorate,  the  latter  being  added  in  small  por- 
tions, while  the  finid  is  maintained  in  gentle  ebullition.  If  the 
operation  is  continued  long  enough,  it  usually  happens  that  both 
the  charcoal  and  sulphur  are  fully  oxidized,  and  a  clear  solntion  is 

*  As  legards  the  determination  of  the  Bp.  gr.  of  guopowder.  I  refer  to  Bbbb- 
xn'b  paper  on  the  subject,  lu  Htttheilungen  dcs  Oewerbevereins  fQr  Hannover, 
1866,  188— 178;  Polyt.  CentralbL  18M,  IHR 

t  The  potassium  nitrate  may  also  be  estimated  Id  an  eipeditious  niHiiiier.  and 
withsufflcient  accuracy  for  tecbnical  purposes,  by  meansof  a  hydrometer,  which 
is  constructed  to  indicate  the  percentage  of  this  ingredient  when  fiosted  in  water 
containing  a  certain  proportion  of  gunpowder  In  solution.  A  method  based 
upon  the  same  principle,  proposed  by  Uchatius,  is  given  in  the  Wiener  akad.  Ber. 
X  748;  also  Annal.  d.  Cbem.  u.  Pbarm.  88,  89S. 
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tinully  obtained.  Evaporate  with  excess  of  pure  hjrdrocliloric  add 
on  a  water-bath  to  dryness,  filter,  if  undissolved  charcoal  should 
render  it  ueceasary,  and  determine  the  aolphuric  acid  after  §  133, 
I.,  1. 

d.  Determinaiion  of  th&  Charcoal. 

Digest  a  weighed  portion  of  the  powder  repeatedly  with 
amiiionitim  enlphide,  till  all  sulphnr  is  difieolved,  collect  the  char- 
coal on  a  filter  dried  at  100°,  wash  it  first  with  water  containing 
ammonium  sulphide,  then  with  pure  water,  diy  at  100°,  and  wei^. 

The  charcoal  so  obtained  must,  under  all  circumstancee,  be 
tested  for  sulplinr  by  the  method  given  under  c,  and  if  occasion 
require,  the  sulphur  must  be  determined  in  an  aliquot  port.  The 
charcoal  may  also  be  examined  aa  regards  its  behaivior  to  potash 
solution  (in  which  "  red  charcoal"  *  is  partially  soluble)  and  an 
aliqnot  part  may  be  subjected  to  elementary  analysis  according  to 
§  177  or  §  178.  For  this  latter  purpose  take  a  portion  of  the  chai^ 
coal  dried  at  100°,  and  dry  at  190°  (WELraiEn).  If  the  charcoil 
on  this  second  drying,  Buffers  a  diminution  of  weight,  calculate  die 
latter  into  per  cents,  of  the  gnnpowder,  deduct  it  from  the  charcoal, 
and  add  it  to  the  moisture. 

9.  ANALYSIS  OF  SILICATES  AND  SILICEOUS  ROCKS. 


The  separation  of  silica  in  silicates  which  are  decompoeable  by 
acids  has  been  described  in  §  140,  11.,  a.  \  and  in  silicates  whicli 
are  no.t  thus  decomposed  in  §  140,  II.,  i.  For  determination  of  Ute 
alkalies,  see  page  426,  y.  Methods  for  separating  the  other  basic 
metals  more  commonly  occurring  in  silicates  are  g^ven  in  1 161. 
Some  silicates  contain  water,  fluorine,  and  iron  both  in  the  feiroiu 
and  ferric  state,  while  siliceons  rocks  may  contain  in  addition  euuE 
quantities  of  carbonic  acid,  titanic  acid,  sulphur,  phosphoric  acid, 
&c.,  due  to  admixture  of  various  ininerala. 

Below  are  some  remarks  respecting  processes  which  may  be 
required  in  such  cases,  more  especially  in  the  analysis  of  rocks. 

1.  Dec<ymposition.  If  the  greater  part  of  the  rock  mass  is 
nndecompoEable  by  acids,  fuse  directly  with  sodium  carbonate,  and 

*  Incompletely  carbonised  wood. 
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sepai'ate  silica  according  to  §  140,  II.,  h.  If  tke  greater  part  ie 
decomposable  by  hydrochloric  acid,  treat  with  hydrochloric  acid 
and  evaporate  to  drynefis  as  described  in  §  140,  II.,  a,  for  separation 
of  silica.  Treat  the  residue  with  strong  hydrochloric  acid  5  to  10 
minutes,  add  water  and  filter.  The  insoluble  portion,  consisting 
of  silica  and  the  undecomposed  part  of  the  rock,  is  ignited  with  the 
filter  in  a  platinum  crucible  and  fused  with  sodium  carbonate. 
Silica  is  then  separated  in  the  usual  manner,  and  the  second  solution 
of  basic  metals  thus  obtained  is  added  to  the  first.  Alkalies  are 
determined  in  another  portion  by  the  method  of  J.  L.  Smith 
(page  426.) 

2.  Water.  Silicates  dried  at  100°  occasionally  contain  water. 
This  is  determined  by  taking  a  weighed  portion  dried  at  100°  and 
igniting  in  a  platinum  crucible,  or — in  presence  of  carbon,  carbon- 
ates, or  ferrous  iron — in  a  tube,  through  which  a  stream  of  dry  air 
is  drawn,  the  moisture  expelled  from  the  substance  being  retained 
by  a  weighed  calcium  chloride  tube. 

If  the  escaping  aqueous  vapors  manifest  acid  reaction,  owing 
to  disengagement  of  hydrofluoric  acid  or  silicon  fluoride,  mix  the 
Biibetance  with  6  parts  of  finely  triturated  recently  ignited  lead 
oxide  in  a  small  retort,  weigh,  ignite,  and  weigh  again,  Thia 
method,  however,  cannot  be  used  if  carbonic  acid  as  well  as  flnor^ 
rine  ia  present.  In  that  case  the  method  employed  by  L.  Sipocz* 
may  be  used.  Ignite  4  parts  sodium  carbonate  in  a  platinum  cru- 
cible till  water  is  completely  expelled,  allow  to  cool  to  50°  or  60°, 
mix  intimately  with  a  platinum  wire  with  1  part  of  the  pulverized 
dried  silicate,  introduce  the  mixture  into  a  capacious  platinum  boat, 
rinsing  out  the  last  adhering  portions  with  sodium  carlKinate.  The 
Iwat,  provided  with  a  coyer,  is  now  placed  in  the  middle  of  a  por- 
celain tnbe  (glazed  inside)  and  heated  in  an  air  bath  an  hour  to  120° 
or  130°  C.  During  this  time  every  trace  of  moisture  should  be 
removed  from  the  mixture  by  passing  dried  air  bymeans  of  a  gaso- 
meter through  the  tube.  The  end  of  the  tube  Uirough  which  the 
current  of  air  makes  its  exit  is  provided  with  a  calcium  chloride 
tube,  which  at  the  end  of  the  drying  process  is  replaced  by  a 
weighed  U  tube,  containing  glass  beads  moistened  with  pure  strong 
sulphuric  acid.  The  substance  is  now  brought  to  a  red  heat  in  a 
combustion  furnace,  aud  a  regulated  current  of  air  (dried  by  sal- 

'Zeitscbr.  f.  anal.  Cbemle.  IT.  207. 
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phnric  acid)  ie  passed  over  it  about  }ia]f  aD  honr  to  carry  the  expelled 
water  vapor  into  the  absorbing  apparatus.  (It  is  obvioas  thai  tha 
method  c&n  be  used  in  axiy  case  instead  of  ignition  witli  lead 
oxide). 

3.  Carbonic  add  aTid  VHtter.  If  it  can  be  proved  by  a  prelimi- 
nary experimeut,  that  carbonic  acid,  as  weU  as  water,  can  be  coui- 
pletely  removed  by  intense  ignition,  and  no  other  constituenlE 
(ferrouB  iron,  manganese,  flnoriiie,  sulphides,  alkali  fluorides,  and 
cliloridee,  &c.)  are  present  which  will  eause  change  of  wetglit  on 
ignition;  the  joint  amount  of  water  and  carbonic  acid  ma;  be 
detcnnined  by  loss  of  weight  on  iguition,  and  carbonic  acid  in 
another  portion  according  to  §  139,  II.,  e.  The  amount  of  mm 
present  ct^nals  the  difference  between  the  two  qnantities  thus 
found.  If,  as  is  nsnally  the  case,  the  nature  of  the  substance  iaei 
not  allow  the  joint  amount  of  water  and  carbonic  acid  to  be  deter- 
mined by  loss  on  ignition,  water  may  be  determined  by  tbe  method 
recommended  by  Sipocz  (described  above  in  2),  A  much  ampls 
and  suifieiently  accurate  method,  however,  is  to  determiue  botli 
water  and  carbonic  acid  at  once  by  ignition  of  tbe  subetance  vitli 
lead  cliromate  mixed  with  ^  its  weight  of  potaseinm  dichronute 
in  a  combustion  tube,  collecting  and  weighing  the  evolved  water 
and  carbonic  acid.  The  process  is  conducted  precisely  as  in  the 
combustion  of  oi^nic  compounds  (see  §  177)  except  that  it  is  no* 
necessary  (unless  Bnlphides  are  present)  to  place  lead  chromate  in 
front  of  the  mixture  of  chromates  with  the  pulverized  rock.  Heit 
should  be  applied  toward  tbe  end  of  the  process  snflicient  to  fun 
the  mixture.  It  is  desirable  to  use  2  grm.  or  evea  more  of  tbesnb- 
stance  for  the  determination,  and  to  take  great  care  to  avoid  pres- 
ence of  hygroscopic  moisture  in  the  chromates.  CarbonaceoK 
matter  (rarely  present  in  rocks)  would  of  course  interfere  with  tlie 
determination  of  CO,  by  this  process.* 

4.  Ferro  m  iron  is  most  readily  determined  by  decomposing  ffith 
a  mixture  of  sulphuric  and  hydrofluoric  acids  and  titration  vilh 
potassium  permanganate  according  to  §  160,  84,  page  526.  TTith  a 
little  skill  and  proper  attention,  the  simple  method  of  effectiDgtliB 

•  Veiy  aatisfBctot;  results  were  obtained  both  by  tnjeelf  »nd  Mr,  ff-  i- 
Comstock  in  tbe  determiDation  of  CO,  in  Icelaod  spar  t^  this  melbod.  Ki. 
Comstnck  also  obtained  equally  accurate  results  wLere  a  considerable  gnaniitT 
of  pulverised  fluor  spar  was  added  to  the  weighed  Iceland  spar,  shoving  ttiil 
presence  of  fluorides  docs  not  interfere  willi  tbe  process. — O.  D.  A. 
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decomposition  described  at  tlie  end  of  84  can  safely  be  employed, 
unless  the  substance  is  unusually  difiicult  to  decompose. 

5.  Titanic  acid  is  frequently  present  in  siliceons  rocks  in  quan- 
tity sufficient  to  be  determined.  In  the  ordinary  process  of  analy- 
sis, a  part  of  it  remains  with  the  separated  and  weighed  silica,  while 
the  remainder  is  precipitated  and  weighed  along  with  the  feme 
and  alnmininm  osidee.  Both  portions  may  be  brought  together, 
and  determined  as  follows :  Dissolve  the  silica  in  the  platinum  cru- 
cible iu  which  it  has  been  weighed  with  hydrofluoric  acid,  adding 
also  a  few  drojs  of  pure  dilute  sulphuric  acid,  and  evaporate  on  a 
water-bath ;  add  to  the  residue  2  or  3  c.  c.  of  hydrofluoric  acid,  and 
evaporate  again  to  ensure  complete  removal  of  silics.  Ignite  the 
i^eidue  strongly  and  weigh,  in  order  to  be  able  to  deduct  from  the 
weight  of  the  silica  the  amonnt  of  impurities  thns  found  in  it. 
Add  next  to  the  residue  a  little  sodium  carbonate  and  fuse.  After 
cooling,  add  strong  salphnric  acid  drop  by  drop  till  with  the  aid  of 
heat  the  mass  is  dissolved.  It  is  best  to  use  so  much  sulphuric 
acid  that  the  mass  will  just  remain  liquid  on  cooling.  It  will  then 
easily  dissolve  in  a  smttU  qoantity  of  water.  Dissolve  it  in  water 
and  reserve  the  solution. 

Dissolve  the  weighed  ferric  and  aluminimn  oxidee  by  prolonged 
digestion  in  concentrated  hydrochloric  acid ;  12  to  21  hours  will 
nsnaUy  suffice  for  the  solution  if  the  oxidee  have  not  been  too 
strongly  ignited.  Some  flocks  of  silica,  howerer,  uid  poeeibly 
titanic  acid  may  remain  In  order  to  ensure  solution  of  the  latter, 
add  20  c  c.  dilute  sulphuric  acid  and  evaporate  till  fumee  of  sul- 
pfanrio  acid  appear;  cool,  add  a  little  water,  digest  till  snlpbates, 
&c.,  are  dissolved,  filter  off  and  weigh  the  traces  of  silica,  add  the 
filtrate  Ut  the  solution  of  titanic  acid  previously  obtained.  Add 
next  to  the  solution,  sodium  carbonate  until  a  slight  precipi- 
tate is  formed  which  does  not  redissolve  on  stirring.  Next  add  4 
c.  c.  pure  dilute  snlphuric  acid,  which  is  designed  to  dissolve  the 
slight  precipitate  and  prevent  precipitation  of  iron  along  with  tita- 
nium in  the  subsequent  part  of  the  process  (too  much  free  acid 
would  prevent  complete  precipitation  of  the  titanic  acid).  Sola- 
tion  of  sulphurous  acid  is  then  added  to  reduce  the  iron  to  ferrous 
snlphate,  the  solution  being  exposed  to  a  very  gentle  heat  till  it 
becomes  nearly  colorless,  when  it  should  be  diluted  to  a  volume  of 
7O0  to  800  c.  c.  and  boiled  two  hours  with  occasional  addition  of  a 
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few  c.  c.  dilntc,  previooBly  heated,  solation  of  sulphurous  acii 
Titanic  acid  if  present  will  be  precipitated.  After  filtering,  iron 
may  be  detenriiiied  in  the  filtrate  by  concentrating,  reducing  wiiii 
H,S,  (toiling  out  excess  of  H,S  and  titrating  with  standard  poU:^ 
siiim  permanganate  according  to  §  113,  3,  a. 

It  may  here  be  obeerred  that  by  proceediDg  aa  above  directed 
in  separating  titanic  acid  from  the  silica  the  tmces  of  alumina  aii<j 
possibly  otiior  basic  osrides  which  may  be  retained  by  the  hHo  m 
lost.  Thia  defect  may  be  remedied,  at  the  expense  of  some  delir, 
by  reserving  the  solution  containing  all  the  basic  metals  as  ird 
filtered  from  the  separated  silica  until  the  snlphuric  add  eoIntioDi 
of  the  titanic  acid  and  other  impnrities  possibly  present  in  the  silici 
can  be  obtained  and  added  to  it.  The  iron  and  alumina  precipitate 
will  then  contain  all  the  titanic  acid,  and  the  traces  of  basic  melila 
recovered  from  the  silica  will  be  nnited  to  the  main  portion.  If 
this  coarse  is  adopted,  the  ase  of  an  nnnecessary  amount  of  sodinni 
carbonate  and  snlphuric  acid  in  obtaining  a  Bolution  of  the  nddnt 
from  the  silica  should  be  avoided.  The  precipitate  of  alnraiitiiim 
and  ferric  hydroxides  should,  in  order  to  eliminate  basic  sulphslw 
be  dissolved  and  reprecipitated — a  proceeding  "whidi  is  sl«j- 
advisable,  even  in  the  absence  of  finlpbatea,  when  alkali-einii 
metals  are  present. 

S'.dj>hur.  If  sulphides  are  present  determine  snlpbur  as  i:i 
iron  ores  (see  page  745).  It  must  be  borne  in  mind,  however,  (hat 
if  barium,  strontium,  or  le;td  is  present  a  portion  of  the  Bnlplinric 
acid  formed  may  be  retained  in  the  undissolved  residue.  Bj  pro 
longed  boiling  of  this  residue  with  sodium  carbonate  and  filtering. 
the  sulpliTiric  acid  may  be  brought  into  solution  as  sodiam  snl- 
])]mte.  This  solution  may  also  contain  silica  and  lead,  from  wiiicli 
the  sulphuric  must  be  separated. 

If  sulphates  are  present  in  the  original  material  aloug  with  hiI- 
jiliides,  the  sulphuric  acid  may  be  determined  by  boiling  a  sepanw 
])ortion  a  long  time  with  sodium  carbonate,  filtering,  acidifying tli^ 
filtrate  with  HCl,  and  precipitating  with  BaCl,.  The  Bulpbnrin 
the  sulphuric  acid  thus  found,  deducted  from  tlie  total  amonnl 
existing  in  both  sulphides  and  sulphates,  leaves  that  belonging  to 
the  sulphides. 

Phonphoric  acid  may  be  determined  as  in  iron  ores  (see  p-'i^^O 
In  careful  investigations  the  residue  insoluble  in  acids  should  be 
examined  also  by  fusing  it  with  sodium  carbonate,  separating  silica 
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by  drjing  down  with  nitric  acid,  redissolving  with  nitric  acid  and 
adding  moljbdic  acid  solution.  The  reagents  used  in'  this  process 
must  be  free  from  the  least  trace  of  phosphoric  acid.] 


10.   SEPARATION   OF   SILICATES    DECOMPOSABLE 
FROM  THOSE  TINDECOMPOSABLE  BY  ACIDS. 


After  the  silicate  has  been  very  finely  pnlverized  and  dried  at 
100°  it  is  nsually  treated  for  some  time,  at  a  gentle  heat,  with 
moderately  concentrated  hydrochloric  acid,  evaporated  to  dryness* 
on  the  water-bath,  the  residue  moiatened  with  hydrochloric  acid, 
water  added,  and  the  solution  filtered ;  it  is  often  preferable,  how- 
ever, to  digest  the  powder  with  dilute  hydrochloric  acid  (of  abont 
15  per  cent.)  for  some  days  at  a  gentle  heat,  and  then  at  once  filter 
the  solution.  Which  of  the  two  ways  it  is  advisable  to  adopt,  and 
indeed  whether  tlie  method  here  described  (which  was  first 
employed  by  Chb.  Qhelin  in  the  analysis  of  phonolites)  may  be 
resorted  to,  depends  npon  the  nature  of  the  mixed  minerals.  The 
more  readily  decomposable  the  one  of  the  constitnent  parts  of  the 
mixture  is,  and  the  less  readily  decomposable  the  other,  the  more 
constant  the  proportion  between  the  andiBsolved  and  the  dissolved 
part  is  found  to  remain  in  different  experiments ;  in  other  words, 
the  less  the  undissolved  part  is  affected  hy  further  treatment  with 
hydrochloric  acid,  the  more  safely  may  this  method  of  decomposi- 
tion be  resorted  to. 

The  process  gives ; 

a,  A  kydrochlaric  acid  solution,  containing,  besides  a  litL'j 
silicic  acid,  the  basic  metals  of  the  decomposed  silicate  in  the  foi-!;i 
of  metallic  chlorides,  which  are.  separated  and  determined  by  tliu 
proper  methods. 

h.  An  inmliMe  residue,  which  contains,  besides  the  nndecom- 
posed  silicate,  the  silica  separated  from  the  decomposed  silicate. 

After  the  latter  has  been  well  washed  with  water,  to  which  a 
few  drops  of  hydrochloric  acid  liave  been  added,  transfer  it,  still 
moist,  in  small  portions  at  a  time,  to  a  boiling  solution  of  sodium 
carbonate  (free  from  silicic  acid)  contained  in  a  platinnm  dish ; 
boil  for  some  time,  and  filter  off  each  time,  still  very  hot,  through 
a  weighed  filter.     Finally,  rinse  the  last  particles  of  the  residue 
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which  still  adhere  to  the  filter  completely  into  the  diah,  and  pro- 
ceed as  before.  Shonld  this  operation  not  fnlly  socceed,  dir  and 
iDcinerate  the  £lter,  transfer  the  ash  to  the  platinntn  dish,  and  boil 
repeatedly  with  the  solution  of  sodium  carbonate  till  a  few  drops 
of  the  fluid  finally  passing  through  the  filter  remain  clear  on 
warming  with  exceea  of  ammonium  chloride.  Wash  the  reddne, 
first  with  hot  water,  then — to  insure  the  removal  of  every  trace  of 
sodium  carbonate  which  may  still  adhere  to  it — with  water  eligbtlj 
acidified  with  hydrochloric  acid,  and  finally  again  with  pure  water. 
Collect  the  washings  in  a  separate  vessel  (H.  Rose). 

Acidify  the  alkaline  filtrate  with  hydrochloric  acid,  and  deter- 
mine in  it  the  silicic  acid  which  belongs  to  the  siUcate  decompoEed 
by  hydrochloric  acid,  as  directed  §  140,  II.,  a.  To  ascertain  hov 
much  wai^r  the  part  decomposed  by  acid  contains,  the  following 
data  are  required :  The  percentage  which  the  decomposed  part  ie 
of  the  whole,  the  percentage  of  water  in  the  uudecompoeed  part, 
the  percentage  of  water  in  the  ori^nal  mixture  of  siUcates.  Dry 
the  undissolved  silicate  at  100°  and  weigh.  Then  calculate  by 
difference  the  quantity  of  the  dissolved  siUcate.  Treat  the  undis- 
solved silicate  as  directed  §  140,  II.,  h.  For  detenniQatioQ  of 
water,  ferrous  iron,  titanic  acid,  and  other  minor  constitaents,  see 


H.  ANALYSIS  OF  LIMESTONES,  DOLOMITES, 
MARLS,  &a 

As  the  minerals  containing  calcium  and  magnesium  carbonates 
play  a  very  important  part  in  manufactures  and  agricoltare,  the 
chemist  is  often  called  upon  to  analyze  them.  The  analytical  pro- 
cess differs  according  to  the  different  object  in  view.  For  tech- 
nical purposes,  it  is  sufficient  to  determine  l^e  principal  constita- 
ents ;  the  geologist  takes  an  interest  also  in  the  matter  present  in 
smaller  proportions ;  whilst  the  agricultural  chemist  seeks  a  knovi- 
edge  uot  only  of  the  constituents,  but  also  of  the  state  of  solubility, 
in  different  menstrua,  in  which  they  are  severally  present. 

I  will  give,  in  the  first  place,  a  process  for  effecting  a  compile 
and  accurate  analysis;  and,  in  the  second  place,  tbe  volumetric 
methods  by  which  the  calcium  and  magneeiom  caibonates  may  be 
determined.  An  accurate  qualitative  examination  ehoold  almyi 
precede  the  quantitative  analyais. 
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A.   UbTHOD  of  EFFKCnNO   THE   CoUPLETS   AnALTSIB. 

§  210. 

a.  Reduce  a  lai^  piece  of  the  mineral  to  powder,  mix  this 
uniformlj,  and  dry  at  100°. 

h.  Treat  about  2  gnu.,  in  a  covered  beaker,  witb  dilute  hydro- 
chloric acid  in  excess,  evaporate  to  dryness  in  a  platinum  or  por- 
celain dirfi,  moisten  the  residue  with  hydrochloric  acid,  heat  with 
water,  filter  on  a  dried  and  weighed  filter,  wash  the  insolnble 
residue,  dry  at  100°,  and  weigh.  It  generally  consists  of  separated 
silica,  clay,  and  sand:  but  it  often  conttuns  also  Aumus-like  mat- 
ter.    Opportunity  will  be  afforded  in  y  for  examining  this  residue. 

c.  Mix  the  liydrodiloric  acid  solution  with  chlorine  water  [or 
aqueous  solution  of  bromine],  then  with  ammonia  in  slight  excess, 
and  let  the  mixture  stand  at  rest  for  some  time,  in  a  covered  vessel, 
at  a  gentle  heat.  Filter  off  the  precipitate,  which  contains-— besides 
the  hydrate  of  sesqaioxide  of  manganese,  ferric  and  aluminium 
hydroxides — the  phosphoric  acid  which  the  analyzed  compound 
may  contain,  and,  moreover,  invariably  traces  of  calcium  and  mag- 
nesinm ;  wash  slightly,  and  rediseolve  in  hydrochloric  acid ;  heat 
the  solution,  add  chlorine  [or  bromine]  water,  and  then  precipitate 
again  with  ammonia ;  filter  off  the  precipitate,  wash,  dry,  ignite, 
and  weigh. 

For  the  estimation  of  the  several  components  of  the  precipitate, 
viz.,  iron,  manganese,  aluniiulum,  and  phosphoric  acid,  opportunity 
will  be  afforded  in  g. 

d.  Unite  the  fluids  filtered  from  the  first  and  second  preci|)i- 
^  tates  produced  by  ammonia,  and  determine  the  calcium  and  mag- 
nesium as  directed  in  §  154,  6  (28). 

e.  If  the  limestone  dried  at  100°  still  gives  water  upon  igni- 
tion, this  is  estimated  best  as  directed  §  36. 

y.  Determine  carbonic  acid  by  one  of  the  methods  described  in 
§139:  most  accurately  by  absorption  and  weighing  of  liberated 
carbonic  acid,  II.,  e,  page  412,  or  with  simpler  apparatus  by  lose 
of  weight  on  decomposition  with  acid,  II.,  d,  ^,  page  410;  or,  in 
absence  of  water  and  notable  quantities  of  ferrons  iron  and  man- 
ganese, by  fusion  with  vitrified  borax,  II.,  e,  page  408, 

ff.  To  effect  the  estimation  of  the  constitnents  present  in 
smaller  proportion,  as  well  as  the  analysis  of  the  residue  insoluble 
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in  hydrocliloric  acid,  and  of  the  precipitate  produced  by  ammwiii, 
dissolve  20 — 50  gnn.  of  the  mineral  in  liydrocbloric  acid.  As  the 
evaporation  to  dryiic&a  of  large  quantities  of  fluid  is  always  i 
tedions  operation,  gently  lieat  the  solution  for  some  time,  to  espel 
tho  carbonic  acid ;  tlien  filter  through  a  weighed  filter  into  a  litre 
flask,  wash  the  residue,  dry,  and  weigh  it.  (Tlie  weight  will  not 
quite  agree  with  that  of  the  residne  in  b,  as  the  latter  contuns  also 
thiit  part  of  the  silicic  acid  which  here  still  remains  in  solution.) 

a.  Analysis  of  the  insoluble  Beaidue. 

aa.  Treut  a  portion  with  boiling  solution  of  pure  sodium  car- 
bonate (§  2o9,  b),  and  separate  the  silicic  acid  from  the  solution 
(§  140,  II.,  a);  this  process  gives  the  quantity  of  that  portion  of 
the  silicic  acid  contained  in  the  residue,  which  is  soluble  in  aHa- 
lies. 

hb.  Treat  another  portion,  oy  the  usual  process  for  silicates 
{§  140,  II.,  i),  and  deduct  from  the  silicic  acid  found  the  amomit 
obtained  in  aa. 

cc.  If  the  residue  contains  organic  tnatier  (humus),  detennine, 
in  a  portion,  the  carbon  by  the  method  of  ultimate  analysis  (§  ITTi. 
Petzholdt,*  who  dctennined  by  this  method  the  coloring  organic 
matter  of  eeveral  dolomites,  asaumes  that  58  parts  of  carbon 
correspond  to  100  parts  of  organic  substance  (humic  acid). 

dd.  If  the  residue  contnine  pt/rites,f  fuse  another  portion  of  it 
with  sodinm  carbonate  and  potassium  nitrate;  macerate  in  water, 
add  hydrochloric  acid,  cvaiwrate  to  dryness,  moisten  with  hydro 
chloric  acid,  gently  heat  with  water,  filter,  determine  the  sulphnrie 
acid  in  the  filtrate,  and  calculate  from  the  result  the  amount  of 
pyrites  pi-esent-J 

/3.  Analysis  of  the  HydrocJdoiric  Add  Solution, 

Make  the  solution  up  to  1  litre. 

aa.  For  the  determination  of  the  eilicic  acid  that  has  passed 
into  solution,  and  of  the  barium,  strontium,  aluminium,  mangti- 

*  Jiiurn.  f.  prnkt.  Cliem.  68.  IM. 

t  Compsro  Pktziioldt,  loc.  eit.;  Ebelurn  (Compt.  rend.  33,  981);  Detoxe 
(Compl.  rend.  87,  1001;  Journ.  t.  pnikt.  Clieni.  63.  81);  Roth  (Journ.  f.  prati- 
Chem.  58,  84). 

i  If  ihe  residue  contains  barium  or  stroatium  sulphate,  iliese  oimpouDds  ai* 
formed  again  upon  evaporating  the  souked  muss  witli  hydrochloric  acid:  tiiej 
remain  accordingly  on  the  Qlter,  whilst  the  sulpburic  acid  formed  by  IbesnlpbiK 
ef  the  pyrites  passes  into  the  filtrate. 
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iie»e,  iron,  and  phosphoric  acid,  evaporate  500  e.  c,  and  diy  the 
residue  at  10U° — lli>°.  Treat  tlie  dry  mass,  iu  order  to  separate 
silicic  acid,  &c.  (precipitate  I.),  with  liydrocLloric  acid  and  water, 
boil  the  solution  with  nitric  acid,  add  amnionia,  boil  till  the  excess 
of  ammonia  has  escaped,  iilter,  wash  shghtlj,  dissolve  on  the  lilter 
with  hydrocliloriu  acid,  re  precipitate  iu  tlie  same  manner  with 
ammonia,  and  filter  off  precipitate  IL,  which  contains  ferric 
hydroxide,  t&c.  Digest  the  united  filtrates  in  a  nearly  filled  and 
closed  flask  with  sulphide  of  ammonium  in  a  slightly  warm  place 
for  24  hours,  then  filter  off  precipitate  III,  This  consists  princi- 
pally of  maugane&e  sulphide ;  it  is  to  be  washed  with  water  con- 
taining ammonium  sulphide.  Precipitate  the  filtrate  with  ammo- 
nium carbonate  and  ammonia,  allow  to  stand  24  hours,  and  then 
filter  off  precipitate  IV,,  which  consists  for  the  most  part  of  cal- 
cium carbonate,  and  is  to  be  washed  with  water  containing  ammo- 
nia. Evaporate  the  filtrate  in  a  porcelaui  disli  to  dryness,  project 
the  residue,  little  by  little,  into  a  red  hot  platinum  dish,  drive  off 
the  ammonium  salts,  moisten  the  residue  with  hydrochloric  acid, 
dissolve  it  in  water,  and  boil,  with  addition  of  pnre  milk  of  lime, 
to  strongly  alkaline  reaction.  Filter  off  precipitate  V.,  which  is 
composed  of  magnesium  hydroxide  and  the  excess  of  calcinm 
hydroxide,  wash  it,  precipitate  the  filtrate  with  ammoninm  carbon- 
ate and  ammonia,  and,  after  long  standing,  filter  off  precipitate  VI., 
which  is  to  be  washed  with  water  containing  ammonia. 

Precijdtaie  J.  consists  principally  of  silicic  acid.  It  may  also 
^  contain  barium  and  strontium  sulphates.  Treat  it  in  a  platinum 
dish  with  hydrofluoric  acid  and  a  little  sulphuric  acid,  evaporate 
to  dryness,  and,  if  necessary,  repeat  this  operation.  Should  a  resi- 
due remain,  fuse  it  with  a  small  quantity  of  sodium  carbonate, 
treat  with  water,  filter,  wash,  dissolve  in  hydrochloric  acid,  and 
precipitate  the  solution  with  sulphuric  acid.  "When  the  precipitate 
has  settled  filter  it  from  solution  a,  and  wash.  Stop  up  the  tube 
of  the  funnel,  and  fill  the  latter  with  solution  of  ammonium  car- 
bonate, allow  to  stand  12  honi-s,  open  the  funnel  tube,  wash  the 
residue  first  with  water,  then  with  hydrochloric  acid  {solution  S), 
finally  again  with  water,  and  then  weigh  the  pure  residual  barium 
Kiilpbate.  Mix  the  united  solutions  a  and  b  with  ammonium  car- 
iKinute  and  ammonia,  allow  to  stand  some  time ;  if  a  precipitate 
forms  (which  may  contain  strontium  carbonate)  filter  it  off,  dry, 
and  add  to  precipitate  IV. 
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PredpUate  II.  conaiBte  principally  of  feme  hydroxide;  it  eon- 
taioe  also  the  alominium,  and,  provided  there  is  enough  iron,  the 
whole  of  the  phosphoric  acid.  Dissolve  iu  hydrocliloric  acid,  dd 
pure  tartaric  acid,  and  then  ammoDia.  Having  fully  coaviiKed 
yourself  that  no  precipitate  ia  formed,  precipitate  the  iroo  wtiL 
ammoDium  Bulpbide  in  a  small  flask,  which  must  be  nearly  tiUfi 
and  closed,  allow  to  stand  till  the  fluid  appears  of  a  pore  jetlor 
color,  filter,  wash  with  water  containing  ammoniom  eulpliide,  ind 
determine  the  iron  after  §  113,  %  To  the  filtrate  add  a  little  pnre 
sodium  carhonate  and  pure  potassium  nitrate,  evaporate  to  d^Tue!^ 
and  ignite  till  the  residue  is  white.  Add  water  and  hydrodiltfrii' 
acid  till  the  whole  is  dissolved,*  and  precipitate  the  clear  fluid  rtli 
ammonia.  If  a  precipitate  i'ot'ins  (aluminium  hydroxide  or  pliu^ 
phate,  or  a  mixture  of  botli),  filter  it  off,  and  weigh.  Mix  llie  £1 
irate  with  a  little  magn^inm  sulphate.  If  another  precipii^K 
forms,  this  time  consisting  of  ammonium  magnesium  phvph"-- 
(which  is  to  be  determined  after  §  134, 1.,  h,  a),  the  aluminiam  iin- 
cipitatc  may  be  calculated  as  aluminium  phoephate  (A1,0„  P,0,i. 
If,  on  the  contrary,  no  precipitate  is  formed,  the  pbosphoiic  aclJ 
must  be  determined  in  the  alnmina  precipitate  as  directed  \  1^< 
I.,  J,  A. 

Preoijntate  III.  consists  principally  of  manganese  snlpHde- 
It  may  also  contain  traces  of  nickel,  cobalt,  and  zinc  enlphidee,<:^ 
cinin  carbonate,  &c.  Treat  with  moderately  dilute  acetic  aoi 
heat  the  filtrate,  to  remove  any  carbonic  acid,  add  ammonia,  pr^ 
cipitate  with  ammonium  sulphide,  allow  to  stand  24  hoats,  lod 
determine  the  manga/neae  as  sulphide  (§  109,  2).  If  any  readne 
was  left  insoluble  in  acetic  acid,  teat  it  for  the  above-ioentiODW 
metals.  The  fluid  filtered  from  the  pure  manganese  sulphide  i>  •« 
be  mixed  with  ammonium  carbonate.  If  a  precipitate  forma  it6 
to  be  treated  with  precipitate  IV. 

Precipitates  IV.,  F.,  VI.  The  united  mass  of  these  precipi- 
tates, together  with  the  small  portions  of  alkali-earth  carbonsie' 
obtained  dnring  the  treatment  of  precipitates  I.  and  III.  conuin 
the  whole  of  the  strontium  and  tiie  whole  of  the  barium  wbii'li 
origiually  passed  into  the  hydrochloric  acid  solution.  Ignite  th' 
dried  precipitate  (if  necessary  in  portions)  in  a  platinum  cmcibK 
most  intensely  over  the  gas  blowpipe.     By  this  means  any  buinm 

*  I  maj  TemintI  tlie  operator  tliat  the  residue,  wbicb  coDtains  i^tric  kU,  <v 
not  be  lieated  witli  bydrochloric  acid  Id  a  platinum  disb. 
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and  strontinm  carbonates,  and  a  part,  at  all  event*,  of  the  calciDin 
carbonate,  are  converted  into  oxides  (Ekoelbach*).  Boil  the  resi- 
due 5  or  6  times  with  small  portions  of  water,  pourinfi^  ofE  the  soId- 
tion  throngh  a  filter ;  neutralize  the  eolation  with  hjdrochloHc 
acid,  evaporate  to  drjmess,  and  test  a  minnte  portion  with  the 
spectroscope— this  minute  portion  is  afterwards  added  to  the  rest. 
If  calcinm  and  gtrontium  alone  are  present,  separate  according  to 
26.  If  barium  is  present,  separate  the  three  alkali-earth  metals 
after  23. 

hb.  Although  it  is  possible  in  aa  to  test  for  metals  precipitable 
by  hjdrogen  sulphide  from  acid  solution,  e.g.,  copper,  and  if 
required  to  determine  them,  still  it  is  more  convenient  to  employ 
a  fresh  quarter  of  the  hydrochloric  acid  solution  for  this  purpose. 
The  precipitate  obtained  by  passing  the  gas  into  the  warm  dilute 
solution  is  washed,  dried,  and  tisated  with  carbon  disulphide.  If 
a  residue  remains  it  is  to  be  examined. 

cc.  Tlie  remaining  quarter  of  the  dilate  hydrochloric  acid  solu- 
tion is  nsed  for  the  estimation  of  the  alkaliea.f  Mix  with  chlo- 
rine water,  then  with  ammonia  and  ammoniam  carbonate;  after 
allowing  the  mixture  to  stand  for  some  time,  filter  off  the  precipi- 
tate, evaporate  the  filtrate  to  dryness,  ignite  the  residue  in  a  plati- 
nnm  dish  to  remove  the  ammonium  salts,  and  finally  separate  the 
magnesinm  from  the  alkalies  as  directed  p.  491,  16.  The  reagents 
must  be  most  carefully  tested  for  fixed  alkalies,  and  the  nse  of  glass 
and  porcelain  vessels  avoided  as  far  as  practicable. 

Should  the  limestone  contain  a  sulphate  soluble  in  hydrochloric 
sicid,  precipitate  the  sulphuric  acid  by  a  small  excess  of  bariam 
chloride,  allow  to  settle,  and  filter  ofF  the  barium  sulphate  (which 
is  to  be  determined  in  the  asual  manner)  before  proceeding  as 
above  to  the  estimation  of  the  alkalies. 

h.  As  ealcite  and  aragonite  may  contain ^uorideti  (JenzschJ), 

*  Zeitschr.  f  anal.  Cbem.  1,  474. 

f  The  simplest  way  of  ascertoiniDg  whether  and  what  alkalies  are  present  in 
ti  IJmeBtoae,  is  tlie  process  given  by  Engelbach  (Annal.  d.  Cliem.  u.  Pliarm.  133, 
260) — viz.,  ignite  a  portion  of  the  tritura;ed  mineral  etronglj  in  a  platiaum  cru- 
cible over  the  blast,  boil  with  a  little  water,  filter,  neutralise  with  hydrochloric 
ncld.  precipitate  with  ammonia  and  ammonium  carbonate,  filter,  evaporate  the 
filtrate  Co  dryness  and  examine  with  the  spectroscope.  The  ammonium  carhon- 
aUi  precipitate  may  be  evaporated  with  hydrochloric  acid  to  dryness,  and  exam- 
ined in  like  manner  tor  barium  and  strontium. 

t  Pogg.  Annal.  »S,  145. 
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the  possible  prefience  of  fluorine  muet  not  be  disregarded  in  acra- 
rate  analyses  of  limestones.  Treat,  therefore,  a  lai^r  enmpleof 
the  mineral  with  acetic  acid  nntil  the  calcium  and  magnesium  car- 
bonates are  decomposed  ;  evaporate  to  dryness  until  the  excess  of 
acetic  acid  is  completely  expelled,  and  extract  the  residue  with 
water  (§  138, 1.).  We  have  the  fluorine  in  the  reaidue.  If  it  on 
be  distinctly  detected  in  a  portion  of  the  same,*  the  detenniitttiDii 
may  be  attempted  after  §  138,  II.,  3,  a. 

i.  If  the  limestone  under  examination  contains  chhnda,  treat 
a  large  sample  with  water  and  nitric  acid,  at  a  very  gentle  hat; 
Alter,  and  precipitate  the  chlorine  from  the  filtrate  by  soktiw  af 
ulver  nitrate. 

k.  It  is  often  interesting  for  agriculturiBts  to  know  the  degree 
of  solubility  of  a  sample  of  limestone  or  marl  in  the  weaker  soIt- 
enta.  This  may  be  ascertained  by  treating  the  sample  first  with 
water,  then  with  acetic  acid,  finally  with  hydrochloric  acid,  tnd 
examining  each  solution  and  the  residue.  The  analysiB  of  marli 
made  by  C.  STRUCKMANNf  were  done  in  this  manner. 

I.  To  effect  the  separation  of  the  caustic  or  carbonated  lime,  in 
hydraulic  limes,  from  the  silicates,  DevilleJ  proposed  to  boil  with 
solution  of  ammonium  nitrate,  which  he  stated  would  dissolve  the 
canstic  lime  and  carbonate  of  lime,  without  exercising  a  decom- 
posing action  oii  the  silicates.  GuNNiija§  found,  however,  thit  by 
this  proeesB  the  double  silicates  of  aluminium  and  calcinm  are  more 
or  less  decomposed,  with  eeparation  of  silicic  acid.  As  jet  no 
mctliod  is  known  by  which  the  object  here  stated  can  be  Mcom- 
plislied  with  absolute  accuracy ;  tlie  best  way,  perhaps,  is  treatiDg 
the  sample  with  dilute  acetic  acid ;  C.  Xnacbz  |  recommeudi 
hydrochloric  acid. 

B.  VoLruETRic  DEn-EHMiNATioiir  OP  Calcium  Casbonate  asb  Hio- 
NESicu  CABBonAT£  (for  technical  purposes). 


a.  If  a  mineral  contains  only  calcium  carbonate,  the  amonnt  of 
the  latter  may  be  estimated  from  the  quantity  of  acid  required  to 

•  See  Qiial.  Anal.  S  1«.  «.  +  Anna!,  d.  Chem.  u.  Pham.  74  IW. 

i  Compt.  rend.  87,  1001;  Joum.  f.  prokt  Chem.  62,  81. 

g  Joiim.  f.  prakt.  Cliem.  8S,  818. 

I  Oewerbeblatt  aus  WQrtemberg,  1S5S,  Nr.  4;  ClMm.  Centralbl.,  ItSS,  Mi- 
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effect  itfi  decompoeition,  tlie  method  described  in  §  198  being 
employed  for  the  purpose.  Or  the  carbonic  acid  in  the  mineral 
may  be  determined,  and  1  mol.  calcium  carbonate  =  100  calculated 
for  each  mol.  carbonic  acid  =  +4. 

h.  But  if  the  mineral  contains,  besides  calcium  carbonate,  also 
magneeinm  carbonate,  the  results  obtained  by  either  procesfi  give 
the  quantity  of  calcium  carbonate  +  EQagnesium  carbonate,  the 
latter  being  expressed  by  its  equivalent  quantity  of  calcium  car- 
bonate (i.e.,  100  of  calcium  carbonate  for  84  of  magnesium  carbon- 
ate). If,  therefore,  yon  desire  to  know  the  actual  amount  of  each, 
you  must,  in  addition  to  the  above  determination,  determine  one 
of  the  alkali-earth  metals  separately.  For  this  purpose  one  of  the 
two  following  methods  may  be  employed  : — 

1.  Mix  the  dilute  solution  of  2 — 6  gnu.  of  the  mineral  with 
ammonia  and  ammonium  oxalate  in  excess,  allow  to  stand  for  12 
hours  and  then  filter.-  Ignite  the  precipitate  of  calcium  oxalate, 
together  with  the  filter,  and  treat  the  calcium  carbonate  produced 
as  directed  §  198.  This  process  gives  the  amount  of  calcium  con- 
tained in  the  analyzed  mineral ;  the  difference  between  this  and 
the  former  result  gives  the  calcium  carbonate  which  is  equivalent 
to  the  amount  of  magnesium  carbonate  present.  To  obtain  per- 
fectly accurate  results  by  this  method,  repeated  precipitation  is 
indispensable  (see  §  154,  6,  a). 

2.  Dissolve  2 — 5  grm.  of  the  mineral  in  the  least  possible 
excess  of  hydrochloric  acid,  and  add  a  solation  of  lime  in  sugar 
water  as  long  as  a  precipitate  forms.  By  this  operation  the  mag- 
nesia only  is  precipitated.  Filter,  wash,  and  treat  the  precipitate 
as  directed  §  198 ;  the  result  represents  the  quantity  of  the  magne- 
sium. Deduct  the  quantity  of  calcium  carbonate  equivalent  thereto 
from  the  result  of  the  total  determination ;  the  remainder  is  the 
amount  of  calcium  carbonate  present. 

The  method  2  is  only  suitable  when  the  proportion  of  mague- 
siam  is  small. 
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[12.  ASSAY  OF  COPPER  ORES. 
§  212. 

For  the  aseajer  vho  has  occasion  to  determine  the  amoont  of 
eopjxir  in  ores  very  froqnently,  the  method  of  LircKow*  depending 
on  the  electrolytic  depoeition  of  coppr,  and  the  method  of  Stees- 
ubcKf  (volumetric  determination  by  means  of  potassium  cyanide), 
are  to  be  recommended.  For  the  analytiad  chemist,  who  is  only 
occasionally  called  npon  to  assay  a  copper  ore,  the  procesoe* 
below  described  may  be  useful,  as  they  require  no  preparation  of 
special  reagents  or  apparatus. 

1.  WTten  Arsenic,  Antimony,  BUtnuthj  {Cadmium,  Tin)  an 
not  present. 

Take  1  grm.  of  the  pulverized  ore  if  rich,  3  to  5  if  poor.  Put 
it  in  a  dry  beaker  (beet  of  a  diameter  of  8 — 10  centimetres  at  the 
bottom),  cover  with  a  watch-glass.  Mix  in  another  glass  vessel, 
which  should  be  dry  to  avoid  dilution,  1  pt.  aulphuric  with  3  to  4 
pte.  nitric  acid,  both  coDcentrated.  Four  the  mixed  acids  upon  tk 
ore.  40 — 50  c.  0.  will  suffice  if  not  more  than  2  gnn.  ore  are  taken. 
The  action  is  less  violent  if  the  requisite  amount  of  acid  b  added 
at  once  than  it  is  if  added  gradually.  Heat  the  covered  beaker  on 
a  sand-bath,  to  near  100°  C.  an  hour  or  two,  or  until  the  action  of 
the  acids  on  the  ore  has  apparently  nearly  ceased,  raise  then  the  watdi- 
glass  covering  the  beaker  so  far  as  to  allow  vapors  to  pass  off  freely 
by  interposing  between  it  and  the  beaker  a  triangle  made  of  Ihict 
glass  rod,  and  evaporate  until  nitric  acid  is  completely  removed. 
Copper  exists  in  the  residue  as  sulphate,  mixed  usually  with  other 
metallic  sulphates,  together  with  such  constituents  of  the  ore  as  «re 
not  decomposed  by  the  acids.  A  small  quantity  of  liquid  (sulphuric 
acid)  will  still  remain  with  the  solid  residue,  and  should  not  be 
removed  by  further  elevation  of  temperature.  After  cooling,  «id 
about  100  c.  c  of  water  to  the  residue  and  keep  it  warm  on  the 
Band-bath  an  hoar  to  ensure  solution  of  the  anhydrona  oopper  hJ- 
phate.  Complete  solution  of  the  copper  in  the  residne  mav  be 
effected  in  a  few  minutes  by  adding  with  the  water  a  little  hydro- 
chloric acid;  but  since  hydrochloric  add  dissolves  notable  quantities 
of  lead  sulphate,  it  should  not  be  used  for  tliis  pnrpoae  unless  the 
lOre  is  known  to  be  free  from  lead.  Filter  front  the  undissolved 
•  Zeilschr.  f.  anal.  Cbem.  S,  SS,  and  11,1.  f  ^  8.  ft 
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part  of  the  resldae  and  wash  it  with  hot  water.  If  the  residue 
contains  load  sulphate,  avoid  the  use  of  an  uiineeesearj'  volume  of 
water  in  waahing,  or  nae  water  acidified  with  sulphuric  acid  to  pre- 
vent lead  sulphate  from  being  dieeolved.  Dilute  the  filtrate  to 
about  500  c.  c.  If  hydrochloric  acid  has  not  previously  been  used, 
add  now  1  or  2  c.  c  and  heat  to  boiling  and  pass  hydrogen  enlphide 
through  the  solution  until  the  copper  is  all  precipitated,  the  tcm- 
peratare  meanwhile  being  maintained  nearly  or  quite  to  the  boil- 
ing point.  If  8  tolerably  rapid  current  of  H,S  be  passed  into  the 
solution  tbrongh  a  tube  contracted  at  the  orifice  to  a  diameter  of  1 
to  2  millimetres,  so  as  to  produce  numerous  and  small  bubbles,  the 
precipitation  is  osDally  complete  in  course  of  15  to  25  minutes. 
Wash  the  precipitate,  dry,  ignite  in  an  atmosphere  of  hydrogen,  and 
weigh  the  resulting  Cn,S  according  to  directions  in  §  119,  3,  a, 
page  316. 

2,  WTien  Arvtvmor^/y,  Arsenic,  {Sitmuth,  Cadmium,  TirC)  are 
present. 

Arsenical  or  antimonial  minerals  are  occasionally  present  in 
copper  ores,  bismuth  compounds  very  rarely,  while  appreciable 
amounts  of  cadmium  or  tin  can  usually  safely  be  assumed  to  be 
absent.  If  the  ore  to  be  assayed  has  not  been  pulverized  and  can 
be  examined  in  large  fragments,  the  assayer,  with  sufficient  knowl- 
edge of  mineralogy  and  experience  in  the  use  of  the  blowpipe,  can 
usually  decide  whether  arsenic,  antimony,  or  even  bismuth  are 
present.  If  this  cannot  be  done,  qualitative  testing  in  the  wet  way 
should  be  resorted  to.  If  any  of  the  metals  which  interfere  with 
the  process  described  in  1  are  present,  decompose  the  ore  with 
aqua  regia,  adding  also  enough  sulphuric  acid  to  convert  into  sul- 
phates, on  evaporation,  any  nitrates  and  chlorides  which  may  be 
formed.  An  unnecessary  excess  of  sulphuric  should  be  avoided, 
as  it  is  difficult  to  remove  by  evaporation  and,  if  allowed  to  remain 
in  large  amount,  may  render  the  subsequent  precipitation  of  copper 
less  perfect.  After  removing  the  nitric  and  hydrochloric  acids 
by  evaporation,  dissolve  the  copper  sulphate  in  the  residue  by 
digestion  with  water,  filter,  add  solution  of  sulphurous  acid  (100 — 
200  c.  c),  set  in  a  warm  place ;  if  the  solntion  ceases  to  smell  of  SO, 
after  half  an  hour,  add  more  solution  of  sulphurous  acid.  Finally, 
after  allowing  the  solution  to  stand  in  a  warm  place  4  or  5  hours 
at  least,  precipitate  the  copper  with  ammonium  or  potassium  sul- 
phocyaoate  and  determine  it  as  Cn,S  as  directed  in  §  119,  3,  }.] 
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[13.  ASSAY  OF  LEAD  ORES 
§213. 

The  commercial  value  of  lead  ore  is  often  estimated  from 
assays  made  iti  the  dry  way.  These  assays  are  not  very  exact  even 
in  licli  ore,  and  still  less  so  in  poor  ores.  If  tlie  meaos  for  making; 
a  dry  assay  are  not  at  htlnd,  or  a  more  accurate  detemuDatian  t^ 
required,  tlie  following  metliod  applicable  to  all  ores  (rich  or  poor, 
galenas  or  carbonates),  not  containing  arsenic  or  antimony  may  be 
used. 

Decompose  the  finely  pulyerized  ore — 2  grra.  if  rich,  5  gnn.  if 
poor — with  a  mixture  of  concentrated  nitric  and  snlphnrie  add 
precisely  in  the  manner  described  for  copper  ores  (§  212,  U 
After  free  nitric  acid  has  been  removed  by  evaporation,  the  lead 
exists  in  the  residue  as  lead  sulphate,  mixed,  according  to  the  char 
acter  of  the  ore,  with  different  kinds  and  quantities  of  other 
metallic  sulphates,  and  also  snch  constituents  of  the  ore  as  are  not 
decomposed  by  the  acids.  Sulphuric  acid,  wliich  may  be  used 
freely  in  the  decomposing  mixture,  should  remain  also  with  this 
residue  and  not  be  driven  off  by  evaporation.  When,  toward  tlw 
close  of  the  process  of  evaporation  by  gradually  increasing  tem- 
peratnre,  dense  white  fumes  of  snlphnrie  acid  begin  to  appear,  or 
when,  at  a  temperatnre  little  exceeding  100°  C,  no  odor  of  nitiic 
acid  is  perceptible,  heat  is  removed  and  the  reeidne  allowed  to 
cool.  About  100  c.  c.  of  water  are  then  added.  After  digesting  2 
hours  to  dissolve  such  metallic  sulphates  as  are  soluble  io  water. 
the  residue,  containing  lead  sulphate  and  other  insoluble  niancr 
(possibly,  for  example,  quartz,  native  silicates,  barium  snlphate. 
calcium  sulphate),  is  collected  on  a  moderate  sized  filter  and  washed 
with  water  to  which  a  little  sulphuric  acid  has  been  added.  The 
filter  and  its  contents,  without  previous  drying,  are  then  placed  in 
the  bottom  of  a  large  beaker.  Ponr  first  ammonia  (20 — 30  c.  c.) 
upon  the  filter  and  residue,  and  next  acetic  acid  to  decided  add  reac- 
tion, keep  warm  some  20  minutes  with  occasional  stirring.  The 
lead  sulphate  readily  dissolves.  Filter,  wash  the  still  remaining 
undissolved  residue  and  filter,  chiefiy  by  decantation,  adding  to 
the  wash  water  at  first  a  little  ammonium  acetate.  The  filtrate  jdmj 
contain,  besides  lead,  also  calcium  sulphate.     To  prevent  the  poesi- 
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l>le  deposition  of  the  latter  during  the  subsequent  precipitation  o.' 
the  lead,  dilute  the  filtrate  by  adding  -^  to  ^  its  volume  of  water, 
and  add  1  or  2  c.  c.  dilute  hydrochloric  acid.  Precipitate  now  tliu 
lead,  either  in  the  cold  or  slightly  heated  solution,  with  a  current 
of  hydrogen  sulphide.  Treat  the  precipitate  according  to  §  110,2, 
page  299.  In  igniting  in  hydrogen,  take  care  that  only  the  iiot 
torn  of  the  porcelain  cmcible  is  faintly  red.  Too  high  heat  will 
cause  loss  by  volatilization. 

If  this  ore  contains  arsenic  and  antimony,  these  elements,  or  at 
least  the  latter,  will  cause  a  small  quantity  of  lead  to  remain  undie- 
Bolved  in  the  residue  remaining  after  the  treatment  with  ammo- 
nium acetate.  In  such  a  case,  lead  may  be  separated  from  the  resi- 
due by  means  of  methods  of  separation  described  in  §  164,  or  i\ 
wholly  different  course  may  be  devised  and  applied  to  the  original 
substance.] 

[14.  DETERMINATION  OF  NICKEL  AND  COBALT  IN 
ORES,     SPE18S*  AND  MATTE.t 

§214. 

The  separation  of  nickel  and  cobalt  from  other  metals  which 
accompany  them  in  ores  and  determination  of  their  joint  amonnt 
precedes  the  separation  of  the  two  metals.  The  process  requires 
great  care  throughout.  A  method  is  here  given  for  determining  these 
metals,  and  also  copper  and  lead,  in  a  "  matte"  containing,  besideR 
nickel  and  cobalt,  copper,  lead,  iron,  and  accidental  adhering  parti- 
cles of  sand  and  earthy  silicates.  To  the  description  of  this  method 
will  be  appended  modifications  necessary  or  admissible  in  tlie 
examination  of  other  products. 

1.  Decomposition  and  Separation  of  Lead. 

Decompose  2  gr.  of  the  very  finely  pulverized  material  with  a 
mixture  of  concentrated  nitric  and  sulphuric  acid,  proceeding  pi-e- 
ciaely  as  recommended  for  decomposition  of  copper  ores.  (See  § 
212,  1.)     It  is,  however,  safer,  after  the  nitric  acid  first  employed 

*  A  product  coDsistiQg  chiefly  of  metallic  arsenides  obtained  by  smelting  ores 
la  called  "apeiBs." 

f  A  product  conriaUng  (duefly  of  metallic  anlpMdea  obtained  by  imelUng  oret 
{■called  "matte." 
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lias  been  expelled,  to  add  to  the  residual  snlpbaric  acid  a  fresh  por 
tion  of  concentrated  nitric  acid ;  keep  hot  for  some  time,  und  tiuallv 
evaporate  off  all  the  nitric  acid  a  second  time,  allowing  at  least  S 
i>r  111  liours  for  the  whole  process  of  deoomposition.  Add  watoi 
(100  to  150  c.c)  to  the  cooled  residue  and  digest  3  or  4  honr?,  ami 
filter  the  solution  of  metallic  sulphates  obtained  from  the  insoln- 
ble  residue,  which  contains  the  lead  as  sulphate,  together  with  par- 
ticles of  sand,  &c.  BisBolre  the  lead  sulphate  in  this  residue  vriib 
ammoninm  acetate  and  determine  the  lead  as  in  the  process  of  asear- 
ing  lead  ores,  §  213.  Incinerate  the  filter  containing  the  portion  of 
the  residue  which  ammoninm  acetate  fails  to  dissolve  in  a  porcelain 
crucible,  and  add  to  it  in  the  crucible  aqua  regia ;  evaporate  to  a 
few  drops.  If  the  few  drops  of  remaining  liquid  show  no  greenifli 
color,  it  may  be  assnmed  that  the  residue  so  treated  contains  do 
nickel  or  cobalt.  If  the  color  indicates  presence  of  these  metals,  rinse 
the  contents  of  the  crucible  into  the  filtrate  from  the  lead  enlphaie. 
Ikfore  tlirowing  awaj  the  filtrate  from  the  final  lead  precipitate  (lead 
sulphide),  prove  that  it  contains  no  nickel  or  cobalt  hj  adding  ammo- 
nia to  neutral  reaction,  and  a  few  drops  of  ammoniom  sulphide^ 

2.  Separation  of  Copper. 

Dilute  the  filtrate  from  the  lead  sulphate  and  other  insoluMi; 
matter  to  about  500  cc,  and  precipitate  copper  with  hydrogen  enl- 
)>hide  and  determine  it,  proceeding  as  directed  in  "Assaj  of  Copper 
Ores,"  §  212. 

3.  Separation  of  Iron. 

Concentrate  the  filtrate  from  the  copper  snlphide,  add  nitric 
acid  enough  to  convert  the  iron  into  a  ferric  salt,  and  Itoil  a  few 
minutes.  Allow  the  solution,  which  should  now  occnpy  a  volume 
of  about  300  cc,  to  become  nearly  cold,  and  add  a  large  envs*  of 
ammonia  at  once,  and  let  it  stand  in  a  warm  place  (50°  to  70°C.ilialf 
r.n  hour.  Filter  then  into  a  porcelain  casserole  and  wjtsh  the  greater 
pnrt  of  the  saline  matter  out  of  the  ferric  hydroxide  with  hot  water. 
(Complete  washing  is  needless.  Although  this  filtrate  contains  tlie 
;rreater  part  of  the  nickel  and  cobalt,  n  very  considerable  quantitv 
is  retained  by  the  ferric  hydroxide.  Even  a  second  precipitation 
with  ammonia  cannot  be  relied  upon  for  effecting  a  satisfactory  eep- 
aration.  Dissolve,  therefore,  the  ferric  hydroxide  in  hydrochloric 
acid,  which  may  be  used  freely  for  this  purjxise,  since  it  will  be 
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next  converted  into  ammoniam  cliloride,  which  acts  favorably, 
rather  than  otherwise,  iu  the  subsequent .  precipitation  of  iron 
(§  160,  71).  Wash  the  filter  from  which  the  iron  precipitate  has 
been  dissolved,  neatralize  the  greater  part  of  the  free  hydro- 
chloric acid  in  the  solntion  with  ammonia,  proceed  then  care- 
fully to  prepare  the  solntioD  for  precipitation  of  iron  with  sodium 
acetate  by  neutralizing  properly  with  sodium  or  ammonium  car- 
bonate and  addition  of  acetic  acid,  as  described  in  §  160, 71,  p.  517. 
The  iron  precipitated  thus  a  second  time  is  still  not  absolutely  free 
from  a  trace  of  nickel  or  cobalt,  which  may,  however,  be  neglected 
unless  extraordinary  accuracy  is  required,  or  unless  the  original  sub- 
stance was  comparatively  rich  in  these  metals  (containing  over  20 
per  cent).  In  that  case,  dissolve  the  iron  precipitate  in  hydrochlo- 
ric acid  and  precipitate  the  iron  again  as  basic  ferric  acetate  and 
filter.  Add  the  filtrate  or  filtrates,  as  the  case  may  be,  to  the  first 
ammoniacal  filtrate,  which  should  meanwhile  have  been  concen- 
trated to  expel  free  ammonia  and  reduce  its  volume.  The  mixed 
filtrates  will  now  contain  some  free  acetic  acid.  Concentrate  in  a 
porcelain  dish  to  SCO  or  400  cc,  and  add  ammonia  to  alkaline  reac- 
tion. This  will  usually  throw  down  a  little  ferric  or  aluminium 
hydroxide,  which  is  to  be  filtered  off.  If  the  precipitate  is  very 
Blight  it  may  be  thrown  away.  If  considerable,  dissolve  in  HCI, 
reprecipitate  with  ammonia,  filter,  and  add  the  filtrate  to  the  main 
filtrate. 

4.  Preoipiiation  of  Nickd  and  Cob<^. 

Concentrate  the  now  alkaline  solution  to  a  volume  of  about  350 
cc.  During  the  concentration  the  solution  will  sometimes  become 
slightly  acid,  as  may  be  shown  by  testing  with  litmus  paper.  If 
acid,  it  is  in  just  the  right  condition  for  precipitation  of  nickel  and 
cobalt  as  sulphides.  If  alkaline,  add  cautiously  HCl  till  the  fluid 
gives  with  litmus  paper  a  distinct  but  aligfU  acid  reaction.  Pre- 
cipitate next  nickel  and  cobalt  in  the  solution  previously  heated 
to  gentle  ebullition  in  a  beaker  covered  with  a  watch-glass,  with 
hydrogen  sulphide,  according  to  §  110,  J,  /S,  p.  261.  Dry  the  sul- 
phides on  the  filter  and  remove  them  from  the  filter  to  a  beaker. 
Incinerate  the  filter,  add  the  ash  and  adhering  nickel  and  cobalt 
sulphides  to  the  portion  in  the  beaker,  or  if  the  whole  quantity  of 
sulphides  is  small,  calcine  the  whole  with  the  filter.    Treat  with 
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aqua  regia  until  only  a  reBidue  of  yellow  Biilpliar  remains  iiiidi»- 
solved,  evaporate,  and  expose  the  reeidue  to  a  heat  of  100°  C^  to 
make  traces  of  silica  insoluble ;  then  moisten  with  a  few  drops  of 
hydrochloric  acid,  add  15 — 20  cc.  of  water  to  diesolve  nickel  and 
cobalt  salts,  add  without  previous  filtration  some  fresh  solntitm 
of  H,S  as  long  as  it  produces  a  dark-colored  precipitate  or  tarbid- 
ity  (indicating  traces  of  still  nnremoved  copper  or  lead),  filter  into 
a  porcelain  dish  (having  a  capacity  of  250  cc),  and  concentrate  tie 
Bolntion  to  about  100  cc  Boil  gently,  and  during  the  boihog  add 
gradually  jmre  sodium  carbonate  solution  to  alkaline  reaction, 
avoiding  much  excess;  continue  the  boiling  a  few  minutes  to 
remove  free  carbonic  acid.  Next  dissolve  in  a  platinum  dish  a  few 
de<ngramme8  of  pure  sodium  hydroxide  (prepared  from  metallic 
sodium*),  add  the  solution,  and  heat  again  to  boiling  to  precipitate 
the  nickel  and  cobalt  that  may  still  remain  in  solution.  Wash  tlie 
precipitate  with  boiling  hot  water,  first  by  decantation,  and  finally 
on  the  filter  (best  with  the  Bdnskh  filtering  apparatus)  until  a  drop 
of  the  washings  evaporated  on  polished  platinum  foil  gives  no 
more  residue  than  distilled  vrater,  and  then  wash  still  a  little  longrr. 
After  drying  the  precipitate,  remove  fix)m  the  filter  to  a  piece  of 
glased  paper,  and  cover  it  immediately  with  a  bell-glaasf  and  incin- 
erate the  filter  with  the  small  portion  adhering  to  it  until  carbon 
is  completely  removed,  and  expose  for  some  time  longer  to  the 
air  at  a  red  heat,  to  remove  traces  of  carbon  which  metallic  nickel 
reduced  by  the  paper  may  have  absorbed.  Transfer  the  main  por- 
tion of  the  oxides  to  the  crucible,  cover  and  heat  to  redness,  finally 
reduce  the  oxides  to  metals  by  ignition  in  hydrogen,  according  to 
§  110,  2. 

If  the  preceding  operations  have  been  conducted  with  due  care 
the  metals  thus  obtained  are  free  from  appreciable  quantities  of 
impurities.  Test  them,  however,  first  for  soda  by  adding  in  the 
crucible  a  few  drops  of  water,  allowing  it  to  remain  in  contact  wiiIj 
the  metal  10  minutes  or  longer,  and  applying  reddened  litmus 
paper.  If  the  experiment  shows  presence  of  soda  it  can  be  removed 
(probably  but  incompletely)  by  prolonged  digestion  with  water, 

*  If  pure  Bodiutn  hjdroilde  1b  not  t^,  hand,  a  small  quantity  can  easllj  bcfn- 
pared  by  dissolving  a  fragmeiit  of  sodium  in  water  la  a  pialinum  disb. 

t  StTODgly  dried  nickeloua  Iiynrnxlde  exposed  to  moist  air  will  often  decrq»- 
tat«  projectiog  particles  a  coDsiderable  distance. 
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removing  the  water  witli  a  pipette,  di-ying  and  igniting  the  metal 
a^in  in  hydrogen.  Test  also  for  silica  by  disaolviDg  in  nitric  acid. 
If  an  appi-eciable  amount  of  silica  remains  nndisBolTed,*  collect  on 
a  small  filter,  weigh,  and  make  the  necessary  dedactioB  from  tlic 
first  weight  of  the  metals. 

5.  Separaiion  of  Cobalt  from  Nickd. 

Evaporate  the  nitric  acid  Bolution  of  the  metale  nearly  to  dry- 
ness, or  until  free  nitric  is  almost  completely  removed  ;  add  4  or  5 
cc.  of  water  to  dissolve  the  nickel  and  cobalt  salts,  add  drop  by 
drop  solution  of  potassium  carbonate  nntil  a  permanent  pi-ecipitate 
just  begins  to  he  formed.  (If  free  nitric  has  been  removed  by 
evaporation  completely,  the  addition  of  potassium  carbonate  is  not 
required.)  Next  add  6  to  8  grm.  potassium  nitrite  dissolved  in  10  to 
15  c.c,  of  hot  water.  This  usuaJIy  produces  a  flocculent  precipi- 
tate containing  both  nickel  and  cobalt,  on  account  of  the  potassium 
carbonate  which  the  nitrite  commonly  used  as  a  reagent  contains. 
Add  then  a  little  acetic  acid.  Any  flocculent  precipitate  which 
may  have  been  previously  formed  now  disappears,  and  a  precipitate 
of  tripotassium  cobaltic  nitrite,  either  simultaneously  or  after  a 
abort  time,  is  deposited.  Much  acetic  acid  hinders  the  complete  sep- 
aration of  cobalt.  If  a  flocculent  precipitate  has  been  formed,  a  few 
drops  usually  suffice  to  dissolve  it ;  2  or  3  c.c.  more  may  then  be 
added.  The  whole  volume  of  the  solution  should  then  amount  to 
only  15  to  20  c.c.  Cover  the  beaker  containing  it  with  a  watch- 
glass  and  allow  it  to  stand  in  a  wann  place  at  least  24  hours.  Fil- 
ter; wash  with  a  eolntion  of  potassium  acetate.f  Test  the  flltrate 
for  cobalt  as  follows :  Dilute,  heat,  precipitate  with  sodium  hydrox- 

*  According  to  mj  own  experience  it  ia  not  difficult  to  obtain  tbe  nickel  and 
cobalt  free  from  iron  and  ttluminium.  If  the  operator  wishes  lo  assure  himself 
on  this  point,  an  eicew  of  ammonia  may  be  added  to  the  nitric  acid  solution 
before  Uttering  oft  tlie  silica.  If  a  precipitate  is  formed  It  must  be  collected  on  a 
Alter,  washed  slightly,  dissolved  on  the  filter  (which  retuns  the  accompauy ing 
silica),  reprecipltated  with  ammonlB,  collected  ngain  ou  the  same  Alter,  washed, 
ignited,  and  weighed,  when  its  weight  jointly  with  the  silica  may  be  deducted 
from  the  first  weight  of  the  cobalt  and  nickel.  If  cobalt  is  then  to  be  separated 
from  nickel,  both  metale  may  be  precipitated  from  the  filtrates  as  sulphides,  dis- 
solved in  aqua  r^a,  when  after  removing  free  adds,  the  process  of  separating 
cobalt  may  bo  applied. — 0.  D.  A. 

\  A.  suitable  solution  may  be  prepared  by  neutralizing  acetic  acid  with  mj^ 
tatllzcd  polasuum  bicarbonate,  leaving  tbe  solution  slightly  acid. 
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ide,  wash  the  greater  part  of  the  saline  matter  out  of  the  precipi- 
tate, dissolve  it  Id  nitric  acid,  evaporate  to  dryness  on  a  water-batk 
add  two  or  three  drops  of  nitric  acid  to  the  residue,  dissolve  in  3 
small  volnme  of  water,  filter,  concentrate,  and  repeat  the  procct 
of  geparatioQ  with  potassium  nitrite  as  before.  Put  the  liJter  wrn- 
tiiining  the  cobalt  precipitate,  still  moist,  into  a  beaker,  add  aboui 
10(1  e.c,  of  water,  heat,  add  hydrochloric  acid  until  Bolntion  i; 
effected,  separate  the  filter  paper  by  filtration,  evaporate  the  ajln 
tion  on  a  water-batli,  allowing  the  residue  to  remain  on  ttf 
water-bath  2  or  3  hours  to  render  traces  of  silica  inoilnbit. 
moisten  witli  hydrochloric  acid,  add  water,  filter,  and  conven 
the  cobalt  in  the  sohition  into  the  metallic  form  by  the  saw 
process  as  before  employed  for  obtai:iing  metallic  nicke!  and 
cobalt  from  a  similar  sohition ;  test  also  the  weighed  coWi  fur 
impurities  in  the  same  manner.  The  amount  of  nickd  in  Uienm- 
ture  of  the  two  metals  may  now  be  calculated  by  difference. 

It  has  been  assumed  that  lead  and  copper  are  determined  Id 
the  process  here  described.  No  essential  modification,  howera. 
can  be  made  in  the  method  of  separating  them  from  nickel  ana 
cobalt  when  their  determination  is  not  required. 

6.  ModiJicatUma  admwsible  or  required  for  ores,  or  otAerpro- 
ducts  of  different  compositions. 

If  only  very  little  copper  is  present  (less  than  1  per  cent),  mJ 
no  other  metals  of  the  fifth  and  sixth  groups,  the  treatment  of  tlie 
first  solution  with  H,S  may  be  omitted.  The  copper  then  remainf 
in  solution  until  after  the  iron  is  separated  and  is  [jreciptaied 
along  with  nickel  and  cobalt  as  sulpliide.  After  the  iniied  fnl- 
phides  are  dissolved  as  before  described,  the  copper  may  be  «[»■ 
rated  from  the  slightly  acid  solution  by  hydrogen  sulpliide. 

When  no  lead  ia  present,  the  treatment  of  the  first  insoluble 
residue  with  ammonium  acetate  is  omitted. 

If  other  nietahj  of  the  fifth  and  sixth  groups  are  present  w 
modification  is  required.  In  case,  however,  arsenic  is  present  {a 
in  speisB  and  some  ores),  it  is  advisable  to  convert  the  resnlting 
arsenic  acid  into  arsenious  by  means  of  sulphurous  acid  before 
treatment  with  H,S. 

No  modifications  are  required  on  account  of  the  presence  of 
any  motals  of  second,  third,  or  fourth  groups,  except  rioc  or » 
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notable  amouiit  of  manganese.  -  In  respect  to  manganese,  it  can 
safely  be  asenmed  when  not  more  than  a  trace  ie  present  (as  in 
matte  or  epeiBS  and  most  ores)  that  the  precipitation  of  nickel  and 
cobalt  aa  directed  in  a  solution  containing  a  small  quantity  of  free 
acetic  acid  will  effect  its  separation.  Bnt  if  a  considerable  amount 
is  present  a  small  portion  is  liable  to  be  precipitated  along  with 
the  nickel  and  cobalt  sulphides.  This  can  be  removed  when  the 
mixed  sulphides  are  brought  into  solntion,  and  excess  of  acid  is 
i-emoved  by  adding  ammonium  chloride  freely,  also  a  little  ammo- 
nium acetate,  and  repeating  the  precipitation  of  nickel  and  cobalt 
in  same  manner  as  before,  as  sulphides,  taking  care  to  hare  the 
solution  always  contain  a  small  quantity  of  free  acetic  acid.  Or 
the  manganese  may  be  separated  from  the  solution  of  the  three 
metals  according  to  §  160, 85,  page  529. 

If  zinc  is  present  it  all  goes  down  with  the  nickel  and  cobalt 
when  they  are  precipitated  as  sulphides.  After  the  mixed  sul- 
phides have  been  dissolved  and  free  acid  has  been  removed  by 
evaporation,  zinc  may  then  be  separated  according  §  160,  76,  p. 
620. 

15.  ASSAY  OF  ZINC  ORES. 

§  215. 

Method  of  SoHAFFNBB,*  modified  hy  C.  KibizBL,f  <m 
emploi/ed  in  the  Belgian,  smo-worka  ;  described  hy  C.  Gboll.  J 

a.  Solution  of  tiie  ore  and  pr^>aration  of  the  ammoniaoal 
solution. 

Powder  and  dry  the  ore. 

Take  0'5  grm.  in  the  ease  of  rich  ores,  1  grm.  in  the  ease  of 
poor  ores,  transfer  to  a  small  flasfe,  dissolve  in  hydrochloric  acid 
with  addition  of  some  nitric  acid  by  the  aid  of  heat,  expel  the 
excess  of  acid  by  evaporation,  add  some  water,  and  then  excess  of 
ammonia.  Filter  into  a  beaker,  and  wash  the  residue  with  luke- 
warm water  and  ammonia,  till  ammonium  sulphide  ceases  to  pro- 
dace  a  white  turbidity  in  the  washings.  The  oxide  of  zinc 
Femaining  in  the  ferric  hydroxide  is  disregarded.    Its  quantity, 

•  JourD.  f,  prakt.  Cbem.  78,  410. 

t  n.  88,  486.  t  Zdtochr.  f.  and.  Cbem.  1,  31.- 
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according  to  Geoll,  does  not  exceed  0*3 — 0'6  per  cent  Tlii* 
Btatenient  probably  has  reference  only  to  oree  containing  relatirely 
little  iron ;  where  mnch  iron  is  present  the  quantity  of  zinc  left 
behind  in  the  precipitate  may  be  not  inconsiderable.  The  error 
thns  arising  may  be  greatly  dimiuighed  by  disBolving  the  slightlj 
washed  iron  precipitate  in  hydrochloric  acid  and  adding  exoese  of 
ammonia.  But  the  enrer  mode  of  proceeding  ie  to  add  to  the 
original  solution — after  evaporating  ofi  the  greater  part  of  the  free 
acid  as  above,  and  allowing  to  cool — dilute  sodium  carbonate  nearh 
to  neutralization,  then  to  precipitate  the  iron,  after  p.  517,  with 
eodiom  acetate,  boiling,  to  filter,  and  wash.  The  washings,  after 
being  concentrated  by  evaporation,  are  added  to  the  filtrate  and 
the  whole  is  then  mixed  with  ammonia,  till  the  fijBt-formed  pre- 
cipitate is  redissolved. 

If  the  ore  contains  manganese — ^provided  approximate  results 
will  suffice — digest  the  solution  of  the  ore  in  acids,  after  the  addi- 
tion of  excess  of  ammonia  and  water,  at  a  gentle  heat  for  a  long 
time,  and  then  filter  off,  with  the  iron  precipitate,  the  hydrated 
protoaesquioxide  of  manganese  which  has  separated  from  the 
action  of  the  air.  The  safer  courso — though  nndonbtedly  lees 
simple — is,  after  separating  the  iron  with  sodium  acetate,  to  f«e- 
cipitate  the  manganese  by  paaaing  dilorine,  as  directed  p.  510,  or 
by  adding  bromine  and  heating. 

If  lead  is  present,  it  is  separated  by  evaporating  the  aqua  repM 
solntion  with  sulphuric  acid,  taking  up  the  residue  with  water  and 
filtering ;  then  proceed  as  directed. 

b.  Preparation  and  standardising  of  ike  sodium  sulphide 
solution. 

The  solution  of  sodium  sulphide  is  prepared  either  by  dissolving 
crystallized  sodium  sulphide  in  water  (about  100  grm.to  1000— 
1200  water),  or  by  supersaturating  a  solution  of  soda,  free  from 
carbonic  acid,  with  hydrogen  sulphide,  and  subsequently  heating 
the  solution  in  a  flask  to  expel  the  excess  of  hydn^n  sulphide. 
Whichever  way  it  is  prepared,  the  solntion  is  ^terwards  diluted, 
so  that  1  C.C.  may  precipitate  about  O'Ol  grm,  zinc.  Prepare  a 
solution  of  zinc,  by  dissolving  10  grm.  chemically  pure  zinc  in 
hydrochloric  acid,  or  44122  grm.  dry  crystallized  zinc  sulphate  io 
water,  or  68*133  grm.  dry  crystallized  potassium  zinc  snlphate  in 
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water,  and  making  the  solution  in  eitber  ease  np  to  1  litre  with 
water. 

Each  c.e.  of  this  solution  correeponde  to  0*01  grra.  zinc  Now 
measure  off  30 — 50  c.c.  of  this  zinc  eolation  into  a  beaker,  add 
ammonia  till  the  precipitate  is  redissolved,  and  then  400 — 500  c.c.  ais- 
tilled  water,  Kun  in  sodium  sulphide  as  long  as  a  distinct  precipi- 
tate continnes  to  be  formed,  then  stir  brisklj,  remove  a  drop  of  tlie 
fluid  on  the  end  of  a  rod  to  a  porcelain  plate,  spread  it  out  so  that 
it  maj  cover  a  somewhat  large  surface,  and  place  in  the  middle  a 
drop  of  pure  dilute  solution  of  nickel  chloride.  If  the  edge  of  the 
drop  of  nickel  solution  remains  blue  or  green,  proceed  with  tlic 
addition  of  sodium  sulphide,  testing  from  time  to  time,  till  at  last 
a  blackish  gray  coloration  appears  surrounding  the  nickel  solution. 
The  reaction  is  now  completed,  the  whole  of  the  zinc  is  precipi- 
tated, and  a  slight  excess  of  sodium  sulphide  has  been  added.  The 
precise  depth  of  color  of  the  nickel  must  be  observed  and  remem- 
bered, as  it  will  have  to  serve  as  the  stopping  signal  in  future 
experiments.  To  make  sure  that  the  zinc  ia  really  quite  precipi- 
tated, you  may  add  a  few  tenths  of  a  c.c  more  of  the  reagent,  and 
test  again,  of  course  the  color  of  the  nickel-drop  must  be  darker. 
Note  the  number  of  c.c  used,  and  repeat  the  experiment,  running 
in  at  once  the  necessary  quantity  of  the  reagent,  leas  1  cc,  and  then 
adding  02  c.c.  at  a  time,  till  the  end-reaction  is  reached.  The 
last  experiment  ia  considered  the  more  correct  one.  The  sodium 
sulphide  solution  must  be  restandardized  before  each  new  series  of 
analyses. 

c.  Determination  of  the  sine  in  the  solution  of  the  ore. 

Proceed  in  tlie  same  way  with  the  ammoniacal  solution  pre- 
pared in  a  as  with  the  known  zinc  solution  in  h.  Hert'  also  repeat 
the  experiment,  the  second  time  running  in  at  once  the  required 
number  of  c.c,  lees  1,  of  sodium  sulphide,  and  then  adding  02  c.c. 
at  a  time,  till  the  end-reaction  makes  its  appearance.  The  second 
result  is  considered  the  true  one.  There  are  three  different  ways 
in  which  this  repetition  of  the  experiment  may  be  mode.  You 
may  eitber  weigh  out  at  the  flrst  two  portions  of  the  zinc  ore,  or 
yoo  may  weigh  out  double  the  quantity  required  for  one  experi- 
ment, make  the  ammoniacal  solution  up  to  1  litre  and  employ  i 
litre  for  each  expenment,  or  lastly,  having  reached  the  end-reaction 
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in  the  first  experiment,  yon  mr-y  add  1  cc.  of  the  knovn  ziDCfoln' 
tion,  which  will  destroy  tlie  excess  of  sodium  salphide,  and  then 
mu  in  sodium  sulphide  in  portions  of  02  cc,  till  the  eod^^actiun 
is  again  attdned.  Of  course,  in  this  last  process  to  obtain  tho 
second  result,  yon  deduct  from  the  whole  quantity  of  sodinm  fnl- 
phide  used  the  amount  of  the  same,  oorrespoading  to  1  cc.  of  the 
zinc  solution. 

If  the  ore  contains  copper,  remove  it  frona  the  acdd  eolDtion  bv 
hydrogen  sulphide,  evaporate  the  filtrate  with  nitric  add,  dUnte, 
treat  with  ammonia,  and  determine  the  zinc  as  above. 


[16.  PARTIAL  ANALYSIS  OF  IRON  ORES. 

§216. 

For  the  purpose  of  ascertaining  the  quantity  and  more  espemllj 
the  quality  of  the  iron,  which  can  be  produced  from  an  ore,deief 
minations  of  iron,  phosphorus,  sulphur,  and  manganese,  witbooi 
regard  to  other  constituents,  are  often  required.  An  esamiratiw 
of  the  ore  for  titanic  add,  especially  if  it  is  a  magnetic  iron  ore,  i^ 
also  often  demanded.  Frequentlj  a  determination  of  only  t«oor 
three  of  these  substances,  as  iron  and  phosphome,  or  pLoEpbomi 
and  sulphur,  is  required.  In  any  case  it  is  most  convenient  to  k 
a  separate  portion  of  the  ore  for  the  determination  of  eicb  euV 
stance. 

Ikob. 

Iron  may  be  determined  volumetrically  many  ways.  For  tk 
present  purpose,  either  of  the  two  following  methods  nuj  be 
used. 

1.  Decompose  2  grm.  with  concentrated  hydrochloric  »a'd  dj 
heating  gently  on  a  sand-bath  in  a  covered  beater,  having  ■  df^ 
ity  of  not  less  than  half  a  litre.  If  the  ore  contains  carbonae»ss 
matter,  the  weighed  portion  should  first  be  ignited  with  eiposm^ 
to  the  air  until  the  carbon  is  burned  out.  Two  or  three  in""* 
sufhce  for  the  decomposition  of  most  limonites  and  magnetite*,  w' 
some  varieties  of  hematite  resist  the  action  of  acid  for  a  Iffligtime. 
Tlie  appearance  of  the  still  undissolved  residue,  which  may  w*"^ 
of  quartz,  clay,  hornblende,  or  other  silicates,  will  indicate  ffbe"  •'" 
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oxide  (or  carbonate)  of  iron  in  the  ore  ia  dissolved.*  Dilute  some- 
wliat  and  filter,  add  to  the  filtrate  SO  to  30  c.c.  of  strong  sulphuric 
acid,  or  an  equivalent  amount  of  dilute,  and  evaporate  till  hydro- 
chloric acid  is  all  removed,  avoiding  a  heat  much  above  100"  C. 
After  cooling,  add  about  100  cc.  of  water  and  digest  till  the  ferric 
£ulpbat«  has  gone  into  solution.  Then  pour  the  solution  into  a 
half-litre  fiaek,  without  filtering  from  a  slight  residue  of  silica 
which  may  have  separated,  dilute  up  to  the  mark,  mix  thoroughly, 
and  make  two  determinations  of  iron,  eadi  in  100  cc.  of  this  Eola- 
tion, by  reduction  to  ferrous  Bolphate  and  titrotion  with  potafisinm 
permanganate  according  to  §  113,  3,  a,  p.  278. 

2.  Proceed  as  above  until  the  decompoBitioii  with  hydrochloric 
aeid  has  been  effected.  Now,  if  no  ferrous  iron  is  present,  concen- 
trate, if  the  volume  of  the  liquid  is  greater,  to  20—30  cc  and  dilute 
without  filtering  in  a  half-litre  fiask  to  500  cc,  and  detcnnine  iron 
in  portions  of  100  cc.  each,  according  to  113,  3,  ft  (titration  with 
standard  sodium  thiosulphate  and  iodiue  solutions).  If  ferrous  iron 
is  present,  add,  a  little  at  a  time,  potassium  chlorate  (less  than  ^  gr. 
for  2  grm.  ore  UBnally  suffices)  until  a  minute  portion  of  the  aolntiou 
taken  out  with  pointed  glass  rod  and  teeted  after  dilution  on  a 
watch-glaes  with  fresh  solution  of  potassium  ferricyaoide  gives  no 
blue  color.  The  unavoidable  excess  of  potassium  chlorate  must 
DOW  be  decomposed  by  heating  with  hydrochloric  acid,  and  the 
liberated  chlorine  removed  by  evaporating  oS  about  half  the  solu- 
tion. Next  dilute  to  500  cc  and  determine  the  iron  by  the  process 
joet  mentioned. 

Phosphoeub. 
Take  5  grm.  of  the  ore,  unless  it  is  known  to  contain  a  rather 
large  quantity  of  phosphoric  acid,  in  which  case  2  or  3  grm.  should 
I>e  used.  Decompose  with  concentrated  hydrochloric  acid  in  a 
beaker  having  a  diameter  at  the  bottom  of  about  9  centimetres. 
The  solution,  without  filtering  from  the  insoluble  residue,  may  be 
allowed  to  evaporate  in  a  sand-bath  neai-Iy  to  dryness,  but  before 
the  liquid  lias  been  alt  removed,  transfer  the  beaker  to  an  air- 

"SoineironoreB.  espedflllyroftgnetitee,  conlain  a  small  quantity  of  Iran  exiat- 
iog  aa  a  coDstituent  of  a  ailicate  (e.g..  hornblende  or  garnet),  andecompoaable 
by  lirdrochloric  acid.  In  the  a»»n}/  of  iron  ores,  the  sli^t  inoccaracy  whidi 
on  this  account  results  is  usually  dieregarded. 
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bath*  provided  with  a  thermometer,  and  continne  the  evaporatios 
at  a  temperature  of  130°  to  140°  C.  until  the  mass  is  quite  dij  and 
appears  no  longer  sticky,  but  brittle  when  touched  with  a  glass  rod. 
Then,  after  cooling,  add  concentrated  nitric  acid  (40  to  50  c.c.)aiii] 
heat  on  a  sand-bath  until  the  iron  is  again  dissolved  and  only  i 
residue  similar  in  color  and  appearance  to  the  original  insolable 
residue  remains.  This  solution  of  the  iron  in  nitric  acid  is  eaal; 
effected,  provided  the  heat  used  in  the  preceding  drying  operation 
has  not  exceeded  the  prescribed  limit.  The  excess  of  nitric  acid. 
however,  which  it  is  usually  necessary  to  use  for  this  purpose,  if 
allowed  to  remain  in  the  free  state,  retards  the  subsequent  precipi- 
tation of  phosplioric  acid  by  molybdic  acid  solution,  and  may  even 
cause  an  appreciable  error  by  retaining  a  portion  permanently  ia 
solution.  Evaporate  off,  therefore,  a  part  of  the  nitric  acid,  kAw- 
ing  the  volume  to  about  25  c.c.  If  the  evaporation  proceeds  i-jx 
far,  basic  ferric  salts  containing  phosphoric  acid  will  remain  uniJiir 
solved  on  subsequent  addition  of  water.  After  proper  coucenna- 
tion,  add  100  cc  of  cold  water,  stir,  and  allow  the  insolable  residue, 
which  must  not  show  evidence  of  containing  basic  ferric  salts,  to 
settle.  Filter  into  a  tall  narrow  beaker,  or  better  still  into  a  cont^ 
shaped  fiask.  Tu  the  filtrate  and  washings,  which  need  hardir 
exceed  200  cc,  add  100  cc.  of  molybdic  acid  solution  (prepared  a« 
directed  in  "Qual.  Anal.,"  p.  73).  Add  next  gradually  ammonii 
so  long  as  the  reddish-brown  precipitate,  which  it  forms,  dissolves 
ven/  readily  on  stirring.  A  few  cubic  oentimetree  can  oeually  be 
added  at  this  point,  without  danger  of  forming  a  permanent  inm 
precipitate,  on  account  of  the  free  nitric  acid  which  the  added 
molybdic  acid  solution  contained.  Stir  well  the  solution,  friuch 
should  now  occupy  a  volume  of  300  to  350  cc,  and  let  it  stand  at 
a  temperatura  of  40°  to  60°  C.  at  least  24  honrs.  The  greater  part 
of  the  solution  standing  over  the  precipitated  ammonium  phos- 
phomolybdate  can  be  removed  perfectly  clear  by  means  of  a  siphon. 

*  A  suitable  alr-batb  maj'  be  easily  conitructed  as  follows:  Procure  an  imo 
pot  liBVing  its  dinmeter  greateBt  at  the  rim  (about  13  ioches).  fit  a  sheet  tin  coTer 
lo  it,  cut  circular  holes  (2  or  4)  Id  the  caver  10  centimetree  in  diameter  to  receire 
tlie  beaker  (wbich  must  be  selected  of  a  proper  size),  aod  also  a  small  bole  Id  ibr 
ceatre  for  inserting  a  thermometer.  Tbe  pot  is  heated  by  setting  it  into  s  sheei- 
iron  cylinder,  mode  to  fit  it,  doirn  10  the  rim,  and  placing  a  Bunaea  boniff  nude 
it  wltbin  the  cylinder. 
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Collect  the  precipitate  oa  a  Binall  filter  (3^  iiicliea  in  diameter) 
and  wash  it  witli  the  same  molybdic  acid  Bolution  that  ie  used  for 
precipitation,  dilated  with  an  equal  volnme  of  water.  Allow  the 
filtrate  and  washings  to  stand  in  a  warm  place  several  hours  to 
ascertain  whether  aaj  more  phosphoric  acid  can  be  precipitated. 
The  moist  precipitate  ie  to  be  dissolved  on  the  filter  with  ammonia. 
It  is  advisable  to  have  the  ammonia  used  for  this  purpose  in  a 
email  graduated  glass  cylinder  so  that  the  quantity  used  may  be 
observed.  Pour  2  or  3  e.c.  into  the  flask  in  which  the  precipita- 
tion has  been  effected  in  order  to  dissolve  what  may  adhere  to  it, 
then  pour  from  the  flask  upon  the  filter,  and  at  the  same  time  stir 
up  the  precipitate  with  a  jet  of  hot  water.  Repeat  this  operation 
till  complete  solution  takes  place.  By  cautious  use  of  ammonia 
fiolution  (sp.  gr.  '95)  its  volume  should  be  restricted  to  about  10  c.c. 
for  small  quantities  of  the  precipitated  phosphomolybdate,  while 
for  comparatively  large  quantities,  such  as  are  obtained  from  4  gr. 
of  ore  containing  upwards  of  '5  per  cent,  of  phosphoric  acid,  more 
may  be  used.  Usually  the  solution,  after  passing  through  the  fil- 
ter remains  clear  or  at  most  exhibits  but  a  slight  opalescence.  Ocea- 
sionally  it  is  turbid  to  such  extent  that  it  is  advisable  to  pass  it 
through  the  same  filter  again.  Wash  the  solution  out  of  the  filter 
paper  with  the  smallest  sufScient  volume  of  hot  water.  Add  now, 
according  to  the  quantity  of  the  dissolved  precipitate,  6  to  12  c.c, 
of  hydrochloric  acid  (sp.  gr.  1*1).  If  this  occasions  (by  super- 
saturation  of  the  ammonia)  a  permanent  precipitate  of  ammonmni 
phosphomolybdate,  rediseolve  it  with  a  slight  excess  of  ammonia, 
adding  enough  to  give  a  perceptible  odor  of  ammonia  to  the  solu- 
tion when  cold.  This  addition  of  a  measured  volume  of  hydro- 
^  chloric  acid  is  designed  to  form  a  moderate  quantity  of  ammoninm 
chloride — not  enough  to  have  a  sensible  solvent  effect  on  thd 
ammonium  magnesium  phosphate  which  is  next  to  be  precipitated, 
but  sufiicient  to  prevent  the  coprecipitation  of  other  magnesium 
componnds.  Next  precipitate  the  phosphoric  acid  with  "  mag- 
nesium mixture"  (see  p.  113),  An  excess  of  this  solution  is 
required  to  effect  complete  precipitation  of  phosphoric  acid ;  8  to 
10  c.c.  may  be  used  in  any  case,  while  more  may  be  required  if 
the  ore  is  rich  in  phosphoric  acid.  Finally,  to  render  the  separa- 
tion of  ammonium  magnesium  phosphate  complete,  add  to  the 
Bolntion  about  one-tenth  its  volume  of  ammonia  solution,  and  stir 
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well.  The  preceding  operations  should  be  conducted  in  each  s 
manner  as  not  to  nniiecessarilyincrease  the  volnme  of  the  solotiiHi. 
The  tinal  volnme  after  addition  of  all  reagents  may  amonnt  to  40 
to  60  C.C.  in  ordinary  oases,  or  to  100  cc.  for  ores  containing  u 
uniiBually  large  qnantity  of  phospboms.  Filter  the  solution  after 
standing  6  to  12  lionrs  in  the  cold,  wash  the  precipitate  with  dilute 
ammonia,  dry,  detach  from  the  filter  (imless  the  quantity  is  very 
small),  incinerate  the  filter  in  an  open  platinum  crucible,  add  the 
precii)itate,  ignite,  weigh,  and  calculate  the  amount  of  phc^phorm 
(or  if  required  P.O.)  in  the  ore. 

In  view  of  the  importance  of  aecwrat«  determinations  of  phos- 
phorus in  iron  ores,  pig-iron,  &c.,  for  technical  purposes,  some 
further  explanation  may  here  be  properly  given  of  the  canoes  of 
the  ^X)6fiib1e  errors  which  the  above  directions  are  intended  to 
obviate.  If,  in  the  be^nning  of  the  process,  HCl  is  not  removed 
by  evaporation  to  dryness,  it  may  prevent  complete  precipitation  of 
phosphoric  acid  by  the  molybdic  add  solntion,*  The  presence  of 
u  large  quantity  of  free  nitric  acid  also  prevents  precipitation  of 
the  last  traces  of  phosphoric  acid  by  the  molybdic  solution.  If,  in 
attempting  to  obviate  this  cause  of  error  by  evaporating  the  nitric 
acid,  the  evaporation  is  carried  too  far,  basic  ferric  nitrate  will 
]>G  formed,  which  will  retain  phosphoric  acid.  If  too  great  best 
is  used  in  precipitating  the  ammoniam  phoephomolybdate,  ins 
molybdic  acid  will  be  deposited  along  witli  it.  A  slight  deposition 
of  molybdic  acid,  provided  the  precipitate  remains  pulvemlcnt. 
may  have  no  sensible  injurious  efiect ;  but  a  larger  amount.  e>]x- 
cially  if  deposited  in  the  form  of  a  crust,  will  retain  iron  which 
cannot  be  washed  out  on  the  filter.  If  then  ammonia  is  applii'd 
to  dissolve  the  precipitate  on  the  filter,  a  ferric  compound  contaii!- 
ing  phosphoric  acid  will  remain  on  tlie'filter  undissolved. 

In  order  to  insure  the  complete  precipitation  of  phoepborie 
acid,  it  is  necessary  to  use  not  only  enough  molybdic  solntion  to 

*It  is  true  that  after  evaporatioD  anil  drying  at  a  temperature  belveen  W 
and  140°  C.  Bome  chlorine  still  remains  as  ferric  chloride,  which  mlglit  be  foitlKt 
decreased  or  entirely  removed  by  eTaporsliog  again  Ibe  nitric  acid  aolulk>D  lu 
dryness.  I  have  repentcdly  talcen  tliis  course  and  compared  tlie  reeultt  villi 
tbosc  obtained  without  evaporRting  a  sccood  lime;  but  do  not  tlieieby  obtun  * 
larger  amount  of  ptiosphorus,  and  conclude  that  (bia  extra  precaution  is  ooimc- 
c««8ry.— O.  D.  A. 
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convert  it  into  aramoniuin  pliosplioniolybdate,  but  a  lil>eral  excess 
proportional  to  the  volume  of  the  solution.  It  muy  occasionally  haj> 
jxiii,  in  ca^  of  an  ore  or  u  sample  of  iron  unexpectedly  rich  in 
phosphoruB,  that  100  c.c.  will  not  sufiice.  But  since  more  molybdie 
solution  is  added  in  the  proceee  of  washing  the  precipitate,  the 
formation  of  an  additional  precipitate  in  the  filtrate,  which  should 
be  kept  warm  6  hours,  will  indicate  any  delicieucy  in  the  quautity 
of  molybdic  solution  first  used. 

If,  in  the  final  precipitation  as  ammoninm  magnesium  phos- 
phate, a  large  amonnt  of  free  ammonia,  and  no  ammonium  chloride, 
is  present  when  the  magnesia  mixture  is  added,  it  is  possible  that 
magnesimn  oxide  or  basic  magnesium  phosphate  may  be  coprccipi- 
tated ;  while,  on  the  other  hand,  a  very  large  amount  of  ammonium 
chloride  may  retard  the  precipitation  of  phosphoric  acid.  If  the 
precipitation  is  attempted  in  too  large  a  volume  of  solution  there 
is  more  danger  that  it  may  not  be  complete,  and  also  more  difli- 
cnlty  in  removing  the  precipitate  from  the  sides  of  the  veesel,  to 
which  it  may  adhere  in  the  form  of  minute  transparent  crystals. 

Finally,  notwithstanding  the  iise  of  all  dne  precaution,  the 
weighed  magnesium  pyrophosphate  may  contain  a  trace  of  silica 
— so  slight  that  it  may  in  most  cases  be  neglected.  But  if  a  very 
accurate  determination  of  minute  quantities  of  phosphoms  in  the 
purer  kinds  of  ore,  iron,  &c.,  is  required,  it  is  advisable  to  dissolve 
the  weighed  precipitate  in  the  crucible  by  warming  with  nitric  or 
hydrochloric  acid,  collect  any  remaining  residue  on  a  very  small 
filter,  wash,  return  to  the  crucible,  ignite,  weigh,  and  deduct  the 
weight  of  the  crucible  +  silica  from  its  weight  +  first  ignited 
pyrophosphate. 

Svlphw.  If  any  considerable  quantity  of  metallic  sulphides 
is  visible  on  close  inspection  of  the  ore,  tal:e  5  ^nn.JiTiely  pul- 
verized. If  no  sulphides  can  be  seen  take  7  to  10  grm.  Add  to 
the  ore  in  a  large  beaker  about  20  c  c.  of  aqua  regia  for  each 
gramme  taken.  Allow  it  to  stand  at  common  temperature  of  the 
room  6  hours,  then  12  hours  longei-  at  40°  to  50°  C.  Finally 
evaporate  to  dryness,  treat  the  residue  with  strong  liydrochloric 
acid,  dilute  to  200  to  300  cc,  filter,  concentrate  to  about  100  e.c, 
transfer  to  a  small  beaker,  add  while  hot  a  few  cc.  of  barium 
chloride  solution.  If  the  ore  contains  much  sulphur,  the  greatci' 
part  of  the  sulphuric  acid  produced  from  it  will  be  at  once  precipi- 
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tated ;  a  quantity  far  too  great  to  neglect,  however,  will  rem^  in 
solutioii  oQ  account  of  the  presence  of  free  acids  and  ferric  sallE. 
If  the  ore  contains  a  comparative];  email  though  etill  determinabie 
amount  of  sulphur,  it  may  happen  that  no  precipitate  will  appear 
at  this  stage.  In  either  case,  therefore,  remove  the  free  acid  by 
evaporation,  after  the  addition  of  barium  chloride  so  far  as  it  cao 
be  removed  without  the  formation  of  basic  ferric  salts  insoluble  in 
water.  The  last  part  of  the  evaporation  is  carried  on  best  b;  heat- 
ing the  Btuall  beaker  in  an  iron  plate.  The  solution  may  usoallT 
be  brought  thus  to  a  volume  of  10  or  16  co.  The  formation  of  a 
dark  pellicle  on  the  surface  of  the  liquid  at  this  stage  can  nsnallv 
be  observed,  and  is  a  sure  indication  that  further  evaporation 
would  render  the  iron  insoluble  in  water.  After  cooling,  add 
cold  water  (about  100  cc)  and  1  c.c.  dilute  HCl  to  dissolve  the 
soluble  saline  matter.  If  the  ore  contained  sulphor,  a  residue  of 
barium  sulphate  will  now  appear.*  (If  the  preceding  evaporatiiin 
has  been  carried  too  far  a  bolkj  mass  of  ferric  salts  will  remain 
undissolved,  in  which  case  add  hydrochloric  acid  freely  till  it  dis- 
solves, and  repeat  the  evaporation.)  The  barium  snlphate  Urns 
obtained  usually  contains  iron  and  otlier  impurities.  Collect  it  on 
a  Jilter,  wash  till  the  greater  part  of  the  saline  matter  is  removed, 
ignite  in  an  open  platinum  cracible  till  carbon  is  burned  awaj. 
add  a  little  sodium  carbonate,  fuse,  warm  the  fused  mass  with 
water  in  the  crucible  until  it  becomes  disintegrated ;  pour  the 
contents  upon  a  small  iilter,  wash  the  sodium  sulphate  out  of  the 
insoluble  part,  add  HCl  to  the  filtrate  till  it  gives,  after  boiling,  an 
acid  reaction  with  test  paper  (avoiding  much  excess  of  acid),  and 
precipitate  while  boiling  with  barium  chloride.  The  barium  sul- 
phate thus  obtained,  after  washing  first  by  decantation  2  or  3  tiroes, 
and  afterwards  on  a  filter  with  boiling  water,  may  be  assumed  to 
be  sufficiently  pure.  Weigh  it  and  calculate  percentage  of  sulphur 
in  the  ore. 


*  The  nitric  and  hjdracbloric  acida  used  for  tlie  exam 
be  tested  for  sulphuric  acid  &a  follows:  Evaporate  900  c.c 
uwd  in  analysis)  of  the  mixed  acids,  with  addition  of  a  few  ci 
pure  Na,COi  till  onlj  some  balf  dozen  drops  remain,  dilute,  add  bariom 
chloride  nhile  hot.  If  a  wei^able  amount  of  BaSOi  is  formed,  weigh  it-  If 
the  weight  of  BaSO,  from  the  300  c.c.  does  not  exceed  008  or  -003  gt.,  the  aciii:i 
may  be  used  with  the  required  correction  of  result 


by  Google 


§216.]  PAETIAL  ANALYSIS  OF  IKON  0EE8.  747 

Manganese. 

1.  Method  euiUMefor  area  not  umieuaUy  rich  in  mangcmeae. 

The  most  reliable  methods  of  determining  maDganeee  in  iron 
ores  involve  the  precipitatioQ  of  iron  as  basic  ferric  acetate.  In 
order  to  avoid  the  tedious  operation  of  washing  a  large  quantity  of 
iron  precipitated  in  this  form,  the  whole  volume  of  the  solution  in 
which  the  precipitate  is  formed  may  be  measured,  and  after  the 
precipitate  has  settled  a  measured  portion  of  the  nearly  clear 
fiupemataiit  liquid  may  be  taken  for  the  determination  of  man- 
ganese. A  wide  graduated  cylinder  of  thin  glass  holding  1200  to 
1400  CO.  ifi  required  for  meaeuriug  the  solution,*  Take  4  or  5  grm. 
ore,  decompose  with  strong  hydrocliloric  acid,  evaporate  to  dryness 
(with  addition  of  nitric  acid  if  ferrous  iron  is  present),  redissolve 
with  strong  hydrochloric  acid,  evaporate  off  the  greater  part  of  the 
excess  of  acid  used  for  redissolving,  dilate  and  filter  into  a  flask 
capable  of  holding  at  least  1500  cc,  previously  marked  at  a  height 
corresponding  to  1000  c.c. 

Precipitate  now  the  ii-on  by  the  snccesaive  addition  of  sodium 
carbonate,  a  little  liycrochloric  acid,  acetic  acid,  sodium  acetate,  and 
boiling ;  according  to  directions  given  in  §  160,  71.  The  final  vol- 
ume to  which  the  solution  is  brought  before  boiling  must  in  this 
case  be  limited  to  about  1000  cc.  After  precipitatioh,  pour  the 
contents  of  the  flask  immediately  without  cooling  into  the  gradu- 
ated vessel,  rinse  the  flask  with  a  small  volume  of  water  which 
must  be  carefully  mixed  from  top  to  bottom  with  the  main  solu- 
tion by  stirring  with  a  long  glass  rod.  "When  the  precipitate  has 
settled  to  such  an  extent  that  at  least  half  of  the  solution  can  be 
drawn  off  nearly  free  from  suspended  matter,  note  the  volume 
wliich  it  occupies,  and  siphon  off  the  nearly  clear  solution.  Note 
tlie  volume  remaining.  Suppose,  having  used  5  gr.  ore,  the  whole 
voliime  was  1140  cc,  and  the  remaining  volume  420  cc.     The 

*  If  n  Biiitable  measuring  vesael  la  not  at  hand,  one  which  will  aufSce  may  be 
prepared  la  the  following  manner:  Procure  a  tall  narrow  beaker  (B — 10  in.  In 
height,  3 — Si  in.  in  diameter).  Run  60  c.c.  of  wat«r  loto  It  from  a  burette;  mark 
the  side  of  the  beaker  at  the  surface  of  the  liquid  with  a  writing  diamond  (or 
m&rk  with  a  pencil  a  vertical  strip  of  paper  fastened  to  the  l^eaker  with  shellac). 
Continue  adding  portions  of  SO  c.c.  iind  markiog  till  the  vessel  is  filled.  After- 
wards graduate  the  portioo  between  lOOOccaad  1300  cc,  also  between  800  cc. 
and  500  c.c,  Into  spaces  concspondlag  each  (o  10  cc 
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Tolume  drawn  off  a  then  1140  —  420  =  720  cc,  correBponding  to 

VUTi  X  5  gr.  ore ;  or  rather  the  720  ce.  corresponds  apprarhitaidt/ 

to  that  atnoimt  of  ore.  For  no  account  is  taken  of  the  volume 
occupied  by  the  solid  ferric  acetate,  nor  can  very  accurate  iiu'asnrt- 
mente  be  made  in  wide  graduated  glaes  vessels.  But  thost-  wjureca 
of  error  have  no  appreciable  influence  on  the  final  result  unless  tlie 
ore  is  comparatively  rich  in  manganese  (containing  over  2  or  3  per 
cent.).  For  such  ores  it  is,  in  fact,  preferable  to  nee  1  grm.  for  the 
determination,  and  wash  the  basic  ferric  acetate  !n  the  ordiuair 


The  sohition  which  is  drawn  off  by  means  of  a  siphon  may  con- 
tain, besides  a  little  suspended  iron  precipitate,  a  trace  of  iron  still 
in  solution,  calcium  and  magnesium,  and  a  large  amount  of  saline 
matter.  Concentrate  without  filtration  by  evaporation  in  a  beaker, 
or,  more  expeditiously,  by  boiling  in  a  flask  to  about  300  cc; 
add  sodium  carbonate  to  alkaline  reaction,  boil  and  add  a  little 
sodium  hydroxide.  Manganese  is  thus  prtKiipit&ted  alone  witli 
iron  calcium,  &c. ;  collect  the  precipitate  on  a  filter,  wash  slightly 
and  dissolve  on  the  filter  with  the  smallest  possible  qnantityof 
hydrochloric  acid.  If  the  precipitate  dissolves  with  difiBculty  oii 
account  of  the  presence  of  higher  oxides  of  manganese,  add  a  few 
drops  of  solution  of  sulphurous  acid.  Boil  the  filtrate  to  expel 
chlorine,  or  if  sulphurous  acid  has  been  used,  boil  with  addition  of 
a  few  drops  of  nitric  acid.  Add  sodium  carbonate  solution  till  a 
slight  deepening  of  color,  due  to  presence  of  ferric  chloride,  iadi- 
catee  that  the  solution  is  nearly  neutral.  (If  sufficient  iron  is  not 
already  present  to  give  this  indication,  two  or  three  drops  of  ferric 
chloride  solution  may  be  added.)  Add  next  sodium  acetate  and 
boil  to  precipitate  the  slight  quantity  of  iron  present,  and  filter  tlie 
hot  solution.  If  the  preceding  operations  have  been  properly  con- 
ducted, the  filtrate  and  washings  need  rarely  exceed  200  c.a  Pre- 
cipitate the  manganese  in  it  by  adding  aqueous  solution  of  bromine 
and  keeping  it  warm  a  few  hours.  When  the  excess  of  bromine 
has  escaped,  filter  and  wash  with  hot  water.  Test  the  filtrate  for 
manganese  by  adding  a  little  more  bromine  solution  and  also  more 
sodium  acetate.  Ignite  the  precipitate  and  weigh  as  Mn,0,.  Tlie 
manganese  protosesquioxide  thus  obtained  may  cont^n  a  trace  of 
soda ;  but  when  the  quantity  docs  not  amount  to  moru  tlian  2  or  3 
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per  cent,  of  the  ore,  it  ia  not  probable  that  greater  accuracy  woultl 
be  attained  by  dissolving  it  and  converting  the  manganese  into 
another  form  for  weighing.  But  it  should,  after  weighing,  be 
examined  to  ascertain  whether  it  contains  enoogh  cobalt  to  cause 
an  appreciable  error  in  the  estimation  of  manganese,  since  traces  of 
cobalt  are  frequently  present  in  iron  ores,  more  especially  in  bi-own 
hematites.  Dissolve  it  in  hydrochloric  acid,  evaponite<to  a  few 
drops.  If  the  bright  green  color,  which  even  a  veiy  small  amount 
of  cobalt  would  occasion,  does  not  appear,  it  may  be  assumed  that 
cobalt  18  not  present  in  sufficient  quantity  to  require  any  change  in 
the  percentage  of  manganese  calculated  from  the  weighed  pro- 
tosesqnioxide.  But  if  the  color  indicates  presence  of  cobalt,  con' 
tinae  the  evaporation  with  heat  not  exceeding  100°  C.  until  free 
acid  is  compleid^  removed.  Dissolve  the  residue  in  about  20  cc. 
of  water  and  acidify  with  not  more  than  one  or  two  drops  of  acetic 
acid,  add  sodium  acetate,  heat  and  pass  H,8  through  the  solution. 
Cobalt  will  then  be  precipitated  as  sulpide.  If  the  quantity  is 
sufficient,  the  cobalt  may  be  determined  by  converting  it  into 
cobalt  sulphate  (see  p.  266);  or  manganese  may  be  determined  in 
the  filtrate  from  the  cobalt  sulphide,  by  precipitating  (after  boiling 
out  H,S)  with  sodium  carbonate,  igniting  and  weighing  again  as 
Mn.O.. 

2.  Method  tuUahU  for  Orea  containing  larger  quantitiea  of 
Manganese. 

Weigh  out  from  "75  to  1"  gr.  and  proceed  as  in  the  above- 
described  process  so  far  as  the  precipitation  of  iron  as  basic  ferric 
acetate.  Filter,  wash  the  precipitate  (best  collected  on  two  filters) 
with  hot  water  containing  1  or  2  per  cent,  of  Bodium  acetate.  Boil 
the  filtrate  and  washings,  and  filter  again  if  any  additional  flocks  of 
basic  ferric  acetate  separate.  Concentrate  the  filtrate  to  COO — 800 
e.e.,  transfer  abont  one-half  of  the  solution  into  another  beaker, 
nearly  or  quite  neutralize  the  acetic  acid  which  it  contains  with 
sodium  cai'bonate,  add  to  it  the  remainder  of  the  solution  winch 
Btill  contains  free  acid,  and  should  dissolve  any  slight  precipitate 
caused  by  sodium  carbonate.  Pi-ecipitate  next  manganese  with 
bromine  and  treat  the  precipitate  as  above  directed  in  1,  not  omit- 
ting examination  for  cobalt;  or,  if  great  accuracy  is  desired,  the 
manganese  may'  be  converted  into  pyrophosphate  for  weighing. 
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Titanic  Acn>. 

Qualitative  examination.  Puse  aboat  1  grm.  of  thcj&ie^y  pul- 
verized ore  witli  potaesiam  disalphate  in  tlie  inaoner  described 
below  under  "  Quantitative  detennination,"  Treat  the  f  csed  mats 
with  boiling  dilute  hydrocliloric  acid,  wbich  readily  dissolves  tLc 
iron  and  titanic  acid.  Boil  the  Eoliition,  without  filtering  from  the 
insoluble  residue  which  usually  remains,  in  a  porcelain  casserole 
with  granulated  tin.  If  the  violet  color  indicating  titanium  doe« 
not  sooner  appear,  concentrate  by  rapid  boiling,  with  addition  of 
more  tin  in  case  the  first  portion  has  dissolved,  until  saline  matter 
begins  to  be  deposited  and  but  some  half-dozen  c.  c.  of  liquid 
remain.  If  no  decided  violet  color  now  appears  it  may  l)e  con- 
cluded that  either  no  titanium  or  but  very  little  is  present.  The 
only  certain  way  to  detect  minute  quantities  is  to  proceed  as  in 
quantitative  deterniinations,  which  indeed  requires  but  little  more 
time  if  the  method  of  decomposing  the  ore  with  hydrofluoric  acid 
is  employed. 

Quantitative  determination.  Fuse  1  grm.  of  the  veiy  finely 
pulverized  ore  with  potassium  disulphate.  The  potaseium  disnj- 
pliate  has  but  little  effect  on  the  ora  until  the  temperature 
.■approaches  dull  redness.  If  it  contains  too  much  sulphuric  acid 
it  will  froth  and  occasion  mechanical  loss  Ijefore  the  proper  tem- 
perature is  reached.  If  prepared  strictly  according  to  directions  in 
§  64,  7,  p.  115,  this  trouble  will  be  obviated.  After  the  bottom  of 
the  crucible  is  faint  red,  apply  no  more  heat  than  is  just  sufficient 
to  maintain  tlie  mass  in  a  state  of  fusion.  The  temperature  miist 
be  gradually  increased,  since  the  sulphate  becomes  more  and  more 
infusible  ns  fumes  of  sulphuric  acid  escape  with  formation  of  nor- 
mal sulphate.  When  the  mass  is  no  longer  fluid  at  a  full  red  heat, 
allow  it  to  cool ;  add  concentrated  sulphuric  acid  (2  or  3  e.  a),  heat 
very  gradually  until,  aided  by  stirring  with  a  platinum  wire,the 
fused  mass  becomes  disintegrated  and  mixed  with  the  acid.  The 
temperature  may  then  be  gradually  increased  as  before. 

The  pmgress  of  the  decomposition  may  be  ascertained  by  dip- 
ping a  thick  cold  platinum  wire  or  spatula  to  tlie  bottom  of  the 
cnicible,  allowing  it  to  cool  and  repeating  the  dipping  a  few  times. 
By  inspection  of  the  sample  thus  taken  up  with  a  lens  one  can  see 
whether  undecomposed  particles  of  magnetite  are  present.  One 
addition  of  fresh  sulphuric  acid  often  suffices,  but  the  addition  of 
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acid  and  repeating  maj  be  repeated  as  often  as  reqtiired.  It  Ib 
adviBable  at  the  end  of  the  operation,  after  the  decompofiition 
appears  complete,  to  incorporate  a  liberal  amount  of  Bulphoric  acid 
uniformly  with  the  mass,  and  allow  the  greater  part  to  remain  in 
order  to  facilitate  subBeqnent  solution  of  the  maee  in  water.  After 
cooling,  digest  with  300  c,  c.  of  cold  water  until  all  soluble  matter 
(ferric  sulphate,  titanic  acid)  is  taken  up.  This  often  requires  a 
long  time,  nsnally  24  to  48  hours.  If  the  ore  contains  quartz  or 
silicates  an  insoluble  residue  is  sure  to  remain,  possibly  retaining  a 
small  quantity  of  titanic  acid.  Collect  it  on  a  filter,  incinerate  the 
filter,  and  fuse  the  residue  with  a  small  quantity  of  potassium 
disulphate,  and  at  the  end  of  the  operation  add,  after  the  mass  has 
sufficiently  cooled,  concentrated  sulphuric  acid  enough  to  retain 
the  potaaeinm  salt  and  the  titanic  acid  permanently  in  sohition. 
Heat  till  the  whole  is  liquid  with  exception  of  the  undecomposable 
parts  of  the  ore,  cool,  and  put  the  crucible  with  its  still  liquid  con- 
tents into  a  email  beaker  containing  just  sufficient  water  to  cover 
it.  If  titanic  is  present  it  will  now  readily  go  into  solution.  The 
filtered  solution  can  be  treated  for  titanic  separately  like  the  main 
solution,  or  it  may  be  added  to  the  main  solution.  To  separate 
titanic  acid  from  the  first  solution,  or  from  the  two  mixed  solu- 
tions, add  first  sodium  carbonate  so  long  as  it  can  be  added  without 
producing  a  permanent  precipitate,  then  3  c.  c,  of  pure  dilute  sul- 
phuric acid  and  100  to  150  e.  c.  strong  solution  of  sulphurous  acid ; 
expose  to  heat  of  40°  to  50°  C.  an  hoar.  If  the  solution  continues 
to  smell  of  sulphurous  acid  enongh.of  that  reagent  has  been  added, 
otherwise  more  should  be  added.  Dilute  to  700  to  800  c.  c.  in  a 
large  beaker  and  Boil  steadily  2  hours,  covered  with  a  watch-glass. 
A  moderate  quantity  of  free  acid  must  be  present  to  prevent  iron 
from  being  precipitated.  The  iron  most  aieo  be  in  the  state  of 
ferrous  sulphate.  Too  much  free  acid  prevents  precipitation  of 
titanic  acid.  When  a  considerable  amount  of  titanic  acid  is  present 
the  formation  of  a  precipitate  on  heating  the  solution,  a  little 
before  the  actual  boiling  begins,  is  an  indication  that  the  free  acid 
present  does  not  exceed  the  proper  amount.  To  compensate  for 
the  water  lost  by  evaporation  during  the  boiling,  add  from  time  to 
time  hot  water  so  gradnally  as  not  to  check  the  boiling.  A  little 
eolation  of  sulphurous  acid  should  be  mixed  with  the  water  thos 
added  to  keep  the  iron  in  the  state  of  ferrous  sulphate. 
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Allow  the  precipitated  titanic  acid  to  settle  till  tlie  solntioD 
above  it  IB  perfectly  clear  (12  to  24  bonrB).  Filter  (not  with  a 
BnuBcn  pump)  tlirougb  a  filter  carefnlly  fitted  to  tlie  fnnnel  and 
Btir  the  precipitate  as  little  as  poeeible  during  the  washing,  as  it  b 
Homcwhat  inclined  to  pass  through  the  pores  of  the  filter  paper;  if 
neceeeary,  amtuoDiQm  enlphate  may  bo  added  to  tlie  water  nsed  for 
wusliing  to  prevent  this  tendency.  Ignite  the  precipitate  strongly, 
let  the  crucible  partially  cool,  throw  in  a  email  lump  of  clean 
ammonium  carbonate,  and  heat  rapidly  again  to  brigiit  redness  in 
order  to  remove  traces  of  sulphuric  acid.  The  weighed  titanic 
acid,  notwithstanding  all  precautions,  ie  likely  to  contain  a  little 
ferric  oxide.  Fuse  it  with  eodinm  carbonate,  add  gradually  to  the 
cold  fused  mass  in  the  crucible  5  or  6  c.  c.  strong  snlphnric  acid, 
heat  tifl  evolution  of  CO,  has  ceased  and  the  maea  has  dissolved. 
Add  then  more  strong  sulphuric  acid  (6 — 10  c.  c.)  and  dilute  with 
about  100  c.  c.  of  water.  Determine  the  iron  in  tins  solution  bv 
titration  with  potassinm  permanganate,  with  previous  reduction  by 
H,S  according  to  §  113,  3,  (Zinc  cannot  in  this  case  be  employed 
for  the  reduction  since  it  reduces  also  titanic  acid.)  Calculate  the 
iron  found  as  ferric  oxide  and  subtract  it  from  the  impure  titanic 
acid  weighed. 

If  the  analyst  has  at  hand  hydrofluoric  acid  and  a  platinum 
dish  capable  of  holding  100  to  200  c.  c,  the  following  method  of 
decomposing  the  ore  may  be  substituted,  with  great  saving  of  time, 
for  the  fusion  with  disulpbate.  Heat  the  ore  nearly  to  boiling  in 
the  platinum  dish  with  a  mixture  of  hydrofluoric  and  strong  hydro- 
chloric acids.  Magnetic  iron  ores,  in  which  it  is  oftcnest  required 
to  determine  titanic  acid,  are  thus  usually  decomposed  in  a  few 
minutes.  Add  20  to  25  c.  c  concentrated  sulphuric  acid  dilated 
with  lialf  its  Tolnme  of  water,  and  concentrate  by  means  of  a  care- 
fully adjusted  flame  till  fumes  of  sulphurio  acid  begin  to  escape. 
It  IS  of  ntmoEt  importance  to  remove  every  trace  of  hydrofluoric 
acid.  The  appearance  of  fumes  of  snlphnric  acid  can  be  considered 
as  proof  that  this  has  been  effected  only  when  means  are  employed 
to  protect  the  sides  of  the  dish  above  the  liquid  from  beat  sofficient  to 
volatilize  sulphuric  acid,  since  the  mixed  acids  are  attracted  upward 
along  the  surface  of  the  platinum.  After  cooling  add  nearly  ICO 
c.  c.  of  water.  Either  at  once  or  in  a  few  honrs  the  whole  dis- 
solves, with  exception  perhaps  of  a  slight  residue,  which  may,  if  it 


by  Google 


§  217.]  OOHPLETE  AHALTSIS   OF  IRCH'  0EE8.  753 

appears  too  considerable  to  be  neglected,  be  subjected  again  to  the 
same  treatment.*  The  solution  wf  the  ore  obtained  in  this  way  is 
neutralized  with  sodium  carbonate  and  further  treated  in  the  same 
manner  as  a  solution  obtained  by  decomposing  with  potassium 
disulphate.] 


[17.  COMPLETE  AKALTSIS  OF  IRON  ORES. 


{Process  ad^tted  to  all  iron  ores  exct^  such  as  coniaiii  a  large 
amoum  of  titamic  acid.) 

1.  SU/usa,  iron,  alwminiv/m,  tna/nganeae,  calciv/m,  moffTiesium. 

Take  about  1  grm.  ore.  Add  concentrated  hydrochloric  acid  and 
heat  in  a  water  bath  or  sand  bath  nearly  to  boiling  one  or  two 
hoars.  Evaporate  finally  to  dryness  and  expose  the  residue  to  a  heat 
slightly  exceeding  100°  O.  in  order  to  render  insoluble  any  silica 
which  may  have  been  dissolved.  A  porcelain  dish  may  be  used 
in  this  operation,  but  a  beaker  of  200  to  300  c.c.  capacity  is  more 
convenient,  especially  if  a  suitable  air  bath  is  at  hand  for  raising 
the  temperature  at  the  end  to  120  to  130°  C.  Add  two  or  three 
C.C.  concentrated  hydrochloric  acid  to  the  residue  and  warm  till 
the  iron  is  redissolved,  and  filter  at  oncet  after  suitable  dilution, 
carefully  removing  every  particle  of  the  residue  to  the  filter; 
wash  and  reserve  the  filtrate;  ignite  the  filter  and  its  contents  till 
carbon  is  burned  away ;  add  then  to  the  residue  5  or  6  times  its 
weight  of  pure  sodium  carbonate  and  fuse ;  disintegrate  the 
fused  mass  by  heating  with  water,  acidify  with  hydrochloric  acid, 
-  and  separate  silica  by  evaporation  and  drying  in  the  usual  maimer. 
The  filtrate  from  the  silica  is  now  added  to  the  other  reserved 
Bolntion  of  basic  metals. 

Another  metliod  of  decomposing  the  ore  and  separating  silica 
is  to  fuse  directly  with  sodium  carbonate,  without  previous  treat- 

*  If  the  ore  contains  much  calcium,  &  residue  of  caldum  sulphate  iosoluble  in 
the  limited  amount  of  water  above  recommended  mual  be  expected. 

f  By  prolonged  digestion  of  tbia  residue  with  hydrocbloric  add,  traces  of 
silica  might  bo  taken  up  from  cerl^n  silicates  which  being  very  slowly  acted  on 
by  acid  may  have  escaped  complete  decomposition  bj  the  first  tieatment  with 
scid. 
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meDt  with  hydrochloric  acid,  and  separate  silica  from  the  fnsed 
iRase  in  the  ordinary  maDoer.  More  time,  however,  is  required  to 
disintegrate  the  masa  and  separate  the  silica,  more  saline  matter  is 
introduced  into  the  solution,  and  the  platinutn  crucible  used  for  the 
fuidoQ  is  likely  to  become  permeated  witli  iron  to  such  an  extmt 
that  for  a  long  time  it  is  unsuitable  for  most  other  uses.  These 
disadvantages  overbalance  the  apparent  greater  simplicity  of  this 
mode  of  proceeding. 

From  tlie  solution  of  basic  metals  precipitate  first,  the  iron  w 
basic  ferric  acetate  according  to  direction  given  in  §  160,  71,  p. 
S17.  Tlie  iron  maybe  precipitated  without  concentration  of  the 
two  mixed  filtrates  if  cai-e  has  been  taken  to  avoid  too  laige  a  vol- 
ume and  tlio  presence  of  an  unnecessary  amount  of  free  arid, 
otherwise  the  solution  slioitld  he  concentrated  until  the  grealer 
part  of  the  free  acid  is  removed.  It  is  nsnally  best  to  coUeet  the 
precipitated  ferric  acetate  on  two  filters.  Wash  at  first  ititli 
boiling  hot  water  containing  1  or  2  per  cent,  of  sodinm  acetate 
until  a  few  drops  of  the  washings  give  but  a  slight  turbidity  when 
tested  with  silver  nitrate.  Beserve  the  filtrate  and  washings 
wliich  cont^n  manganese,  calcinm  and  magnesium,  and  continue 
without  interruption  to  wash  the  precipitate  with  hot  water  to 
which  a  little  ammonium  acetate  has  beeu  added  until  a  drop  of 
the  washings  leaves  no  residue  on  evaporation  on  platinum  foil 
The  last  washings  containing  ammonium  acetate  are  tlirown  away. 
Dry  the  precipitate,  which  contains  besides  iron  the  aluminium  and 
phosphoric  acid  of  the  ore,  detach  from  the  filters,  incinerate  the 
latter  witli  prolonged  exposure  to  the  air  at  a  full  red  heat  in  order 
to  convert  into  feiric  oxide  the  lower  oxides  of  iron  formed  bj 
reducing  action  of  the  filter  paper.  Add  the  precipitate  and 
moisten  it  in  the  crucible  with  concentrated  nitric  acid,  dry  with 
gentle  heat,  repeat  the  moistening  with  nitric  acid  and  diying. 
ignite  and  weigh.  The  weighed  precipitate  should  exhibit  no 
magnetic  attraction  when  a  magnet  is  applied  exUrndU}/  to  the 
bottom  of  the  cmcible.* 

Dissolve  the  weighed  Fe,0,,Al,0,  and  P,  0,in  strong  hydro- 

♦IfOie  treatment  with  nitric  acidb  omitted,  lower  oxides  of  iron  are  u»o»Ily 
formed  by  ignition  of  basic  ferric  acetate  which  are  converted  into  feiric  olW« 
with  great  difficulty  by  prolonged  ignition.  Even  treatment  with  nitric  add 
has  but  little  ozidiziDg  effect  after  tbe  precipilate  has  once  been  igniled 
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chloric  acid,  add  10  to  15  cc  of  pure  dilute  Bulphunc  acid,  remove 
all  the  hydrochloric  acid  by  evaporation,  and  dilute  moderately 
with  water.  Occasionally,  but  not  often,  a  residue  of  silicu  may  be 
observed  at  this  point,  so  eoiieiderable  in  quantity  as  to  render  it 
advisable  to  collect  it  in  a  small  filter  and  deduct  its  wetglit  from 
the  precipitate  which  contained  it  and  add  it  to  that  of  the  main 
portion  of  silica.  It  is  necessary  now,  in  order  to  estimate  satisfac- 
torily the  comparatively  small  amount  of  aluminiam  usnally 
present,  to  detennine  very  accurately  the  iron.  Titration  with 
potaesiam  permanganate  in  the  solphuric  acid  eolntion  is  the  best 
of  all  volumetric  methods  ^  previous  reduction  with  hydrogen 
sulphide  according  to  directions  on  p.  729  is  to  he  recommended 
as  a  method  of  reduction  involving  least  sonrces  of  error.  The  AI, 
O,  is  calculated  by  deducting  Fe,0,  found,  and  also  r,0,* 
(determined  in  another  portion  of  the  ore)  from  the  joint  weight 
of  the  three  substances. 

Concentrate  the  filtrate  from  the  basic  ferric  acetate  to  altout 
600  cc.  and  precipitate  manganese  with  bromine  water  after 
partial  neutralization  of  the  free  acetic  acid  as  dii-ected  on  p. 
749  (second  method  of  determining  manganese).  Neutralize  the 
filtrate  from  the  manganese  dioxide  with  ammonia  and  precipitate 
calcium  with  ammonium  oxalate.  In  the  filtrate  from  calcium 
oxalate  precipitate  (without  concentration  unless  the  volume 
exceeds  600  cc.)  the  magnesium  with  sodium  phosphate  adding  a 
]it>eral  quantity  of  ammonia  and  allowing  24  hours  for  complete 
separation  of  the  ammonium  magnesium  phosphate. 

2.  Alkaliea. 

Small  quantities  of  potash  or  soda  are  sometimes  found  in 
magnetic  iron  ores  owing  to  the  presence  of  felspars.  More 
rarely  an  appreciable  amount  of  potash  may  be  found  in  brown 

*  If  the  amouat  of  PiOt  Is  very  small,  not  exceeding  say  O'l  per  cent,  tbe 
precipitate  produced  by  boiling  with  sodiiira  acetate,  instead  of  being  treated  as 
here  recomm ended,  may  be  washed  sufllciently  lo  free  it  from  appreciable 
quantities  of  manganese  and  al)ttttf.«artb  metals,  dissolved  In  hydrochloric  acid 
aDd  reprecipitated  with  ammonia.  The  ferric  and  aluminium  hydroiidos  thus 
precipitated  are  easily  washed  free  from  saline  matter,  ignited  and  weighed. 
The  phosphoric  acid,  however,  is  liable  to  be  but  partially  precipitated  liy 
•mmoDia  along  with  the  iroD,  so  that  an  error  (not  exceeding  the  amount  of  Pi 
Ot)  will  result  In  calculaUng  tbe  A1|0i  by  ^Serenoe. 
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hematite  on  account  of  intermixed  micaoeonfl  minerals.  I'ur 
qualitative  or  quantitative  examination  Tise  the  method  of  J.  L 
Smith.    See  p.  426. 

8.  Ferrout  and  Ferric  Oxides. 

DeoompoBe  '5  grm.  bj  boiling  in  a  large  covered  platininn  emci- 
ble  with  a  mixture  of  eulpharic  and  hydrofluoric  acids,  dilute  and 
determine  ferrous  iron  b;  titration  with  potassiam  permanganate. 
(See  p.  529).  The  amount  of  ferric  oxide  can  of  course  then  be 
calculated,  Che  total  iron  having  being  prevtonalj  determined. 

4.  Carbonic  Acid. 

Betennine  carbonic  acid  in  1  to  5  grm.  aooording  to  the  amonnt 
present  hy  decompoeing  with  hydrocliloric  acid  and  weighing  the 
evolved  CO,  by  the  process  described  on  p.  413.  Or  detennine 
carbonic  acid  and  water  at  the  same  time  by  igniting  in  a  com- 
bustion tube  with  lead  chromate  and  potasaium  chromate.  (See 
Analysis  of  Silicatea  and  Siliceoua  Rocks,§  308,  p.  716).  The 
latter  method,  however,  cannot  be  used  when  the  ore  contains 
carbonaceous  matter. 

5.  Water. 

When  carbonic  acid  and  ferrous  oxide  are  absent,  water  is 
determined  by  loss  on  ignition.  Water  sliould  be  determined  in 
the  same  pulverized  sample,  kept  carefully  corked  in  a  tube, 
which  lias  been  used  for  the  determination  of  the  chief  constit- 
uents. If  the  sample  has  not  been  previously  dried  at  100°  C 
hygroscopic  and  combined  water  may  be  determined  separately  (if 
desired)  by  drying  a  weighed  portion  (about  1  grm.)  at  100°  C.  to 
constant  weight  in  a  platinum  crucible  and  afterwards  igniting. 

In  the  presence  of  carbonic  acid  or  ferrous  oxide  determine 
water  by  igniting  1  or  2  grm.  in  a  platinum  boat  in  a  combuEtion 
tube  and  collecting  the  water  in  a  calcium  chloride  tube,  a  slow 
current  of  dried  air  being  meanwhile  drawn  through  the  appantns 
by  an  aspirator.  Or  the  water  and  at  the  same  time  carbonie 
acid  may  be  determined  as  suggested  above  (nnder  4.  Carbonic  Add). 

6.  Presence  of  oarhonaceous  or  MtunUnous  matter  inteifene 
with  determination  of  water  by  either  of  the  above  methods,  and 
also  requires  a  modification  of  the  processes  used  for  determining 
some  of  the  otlier  coQBtituents.    Sulphur  should  be  determined  in 
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the  ore  without  previous  ignition,  as  directed  in  §  216  ;  carbonic 
acid  by  decomposition  with  hydrochloric  acid,  and  weighing  the 
(ivolved  CO,,  as  described  p.  413,  In  determining  jihoephorux 
according  to  §  216,  ignite  the  portion  weighed  out  in  an  open 
oriicible  till  carbon  is  burned  out  before  dissolving  it.  Treat  also 
ii  the  same  manner  the  weighed  portion  in  which  silica  and  the 
otlier  chief  conatitnents  are  to  be  determined. 

For  the  estimation  oi  ferrous  and  ferric  oxides  decompose  '5  gr, 
with  a  mixture  of  hydrochloric  and  hydrofluoric  acids,  proceeding 
as  in  3.  Since  presence  of  organic  matter  may  interfere  with  the 
volumetric  determination  of  either  ferrous  or  ferric  iron,  separate 
ferric  iron  by  barium  carbonate  with  exclusion  of  air,  according  to 
§  160,  p,  513.  Determine  the  amount  of  ferric  iron  thus  precipi- 
tated by  dissolving  in  sulphuric  acid,  reduction  to  ferrous  snlpliate, 
and  titration  with  potassium  permanganate. 

From  the  results  of  these  several  operations  the  composition  of 
tlie  ore  in  its  original  state  can  now  be  calculated,  with  the  excep- 
tion of  water  and  carbonaceous  matter. 

7.  Titanic  aeid. 

It  is  rarely  or  never  necessary  to  make  complete  analyses  of  iron 
-  ores  containing  over  5  or  6  per  cent,  of  titanic  acid,  since  such  oreH 
are  usually  rejected  as  unsuitable  for  smelting.  When  ores  con- 
taining this  amount  or  less  are  subjected  to  the  abov6-descril>ed 
process  of  analysis,  a  portion  of  the  titanic  acid  follows  the  silica 
and  is  weighed  along  with  it.  The  remainder  is  precipitated  with 
the  basic  ferric  acetate  and  is  weighed  with  ferric  oxide.  A 
method  of  separating  the  titanic  acid  from  these  two  products  if 
described  in  §  208  (Analysis  of  Silicates  and  Siliceous  Bocks),  p.  717. 
In  washing  silica  which  contains  titanic  acid,  the  latter  sometimes 
passes  through  the  pores  of  tlie  paper,  making  the  filtrate  turbid. 
This,  however,  will  occasion  no  error  if  the  filter  retains  the  silica. 

8.  Phosphoric  add  must  be  determined  in  a  separate  portion 
of  the  ore  as  in  §  216. 

9.  Sulphur  most  also  be  determined  in  a  8q>arate  portion  as  in 
§216. 
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[18.  ANALYSIS  OF  PIG-IRON,  STEEL,  AND  WROUGHT 
IRON. 


I.  Piq-Ieon. 

Preparation  <tf  ^  aa/nvp1s. 

The  chemist  aEaa1]j  receives  for  analjBlB  a  short  section  broken 
from  a  pig.  If  the  iron  is  hard  and  brittle  (white  pig  or  Bpicgvl', 
pi-ocure,  by  breaking  on  an  anvil  with  a  heavy  hammer,  some  frag- 
ments free  from  the  outer  surface,  to  which  sand  or  other  impari- 
ties may  adhere.  Pulverize  these  fragments  to  a  coarse  powder  in 
a  mortar  of  the  hardest  steel.  If  the  sample  is  too  toiigh  to  bf 
crushed,  it  mnst  be  reduced  to  a  suitable  condition  by  drilling/* 
To  obtaia  the  necessaiy  quantity  (40  to  50  grm.)  bore  one  or  more 
holes  in  the  clean  broken  end  of  the  sample,  at  a  distance  half  waj 
between  the  centre  and  outside.  Use  no  oil  or  water  in  the  proems, 
and  cleanse  the  drill  from  oil  before  bcgioning.  The  borings  ntav 
be  taken  up  from  time  to  time  during  the  operation  with  a  magnet 
and  transferred  to  a  bottle  provided  with  a  glass  stopper. 

1.  Determinaiion  of  the  total  amount  of  carlxm. 

Method  of  Bebzelids  (somewhat  modified). 

The  determination  of  carbon  by  the  method  here  recommended 
requires  the  use  of  a  special  reagent,  viz.,  a  strong  solution  of 
cupric  ammonium  chloride  containing  no  free  acid.  This  sulutiou 
may  be  prepared  as  follows :  Dissolve  common  blue  vitriol  (crrs- 
tallized  cnpric  sulphate)  in  10  to  15  times  its  weight  of  water,  filler 
tlie  solution,  and  heat  to  boiling  in  a  copper  kettle.  Add  solution 
of  common  sal  soda  gradually  to  alkaline  reaction,  keeping  op 
meanwhile  the  boiling.  Basic  cnpric  carbonate  (not  entirely  free 
from  basic  sulphate)  is  precipitated  in  a  dense  form  easy  to  wash 
by  decantatioD.  Wash  it  by  decantation  tintil  the  sodium  eul- 
pbate  is  nearly  all  removed.  Transfer  to  a  glass  or  porcelain 
vessel.  Reserve  about  one  tenth,  and  dissolve  the  remainder  in 
concentrated  liydrocbloric  acid ;  add  the  reserved  portion  which  is 

*  It  Is  beat  tf  possible  to  emploj'  the  aaaUtanoe  of  a  macliiiilat  who  can  nM  a 
drill  press  run  by  steam. 
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deeigaed  to  neutralize  tlie  acid  completely.  Let  tlio  Bolution  stand 
cold  several  hours  with  occasional  agitation.  A  portion  of  the 
basic  carbonate  should  remain  permanently  undissolved.  Filter, 
and  add,  for  five  parts  blue  vitriol  nsed,  two  parte  ammonium 
chloride  previously  dissolved  in  a  small  volume  of  hot  water  and 
filtered.  Care  shonld  be  taken  to  conduct  the  above  operations 
BO  that  the  final  solution  obtained  may  not  be  too  dilute.  If  its 
■volume  does  not  exceed  twice  the  volume  of  the  concentrated 
hydrochloric  acid  used  in  dissolving  the  carbonate,  it  is  satisfactory 
in  respect  to  strength. 

The  Prorxss.  Pour  at  once,  not  gradually,  at  least  200  c.c.  of 
the  cuprio  ammoiuDm  chloride  eolation  npon  the  iron  borings  (3  or 
4  grm.  may  be  taken)  in  a  large  beaker.  The  beaker  should  be  set 
in  a  vessel  of  cold  water,  and  the  contents  should  be  frequently 
stirred  during  the  first  15  or  20  minutes  to  prevent  too  great  ele- 
vation of  temperature  by  the  chemical  action ;  otherwise  a  slight 
evolution  of  hydrogen  might  take  place,  carrying  off  with  it  some 
hydrocarbon  compound.  (Evolution  of  hydrogen  and  loss  of  car- 
bon is  sure  to  result  if  the  cupric  ammonium  chloride  contains  free 
acid.)  Afterwards  the  beaker  is  allowed  to  remain  at  the  common 
temperature  of  the  room.  The  iron  dissolves  as  ferrous  chloride 
with  deposition  of  metallic  copper,  which,  in  presence  of  excess  of 
cupric  chloride,  is  converted  into  cuprous  chloride.  The  latter  is 
soluble  in  the  cupric  ammoniam  chloride.  After  the  metallic  iron 
has  all  dissolved,  leaving  a  residue  which  crumbles  under  pressure 
(6  to  12  hours  may  be  required  according  to  fineness  of  the  borings), 
add  a  few  c.c.  of  hydrochloric  acid  to  dissolve  ferric  compounds 
which  may  be  deposited  by  the  action  of  the  air  on  the  ferrous 
chloride  in  solution.  If,  after  standing  several  hours  longer,  an  accu- 
mulation of  metallic  copper  or  cuprous  chloride  is  observed  remain- 
ing persistently  undissolved,  more  of  the  double  chloride  may  be 
added.  The  complete  solution  of  iron  and  copper  is  generally 
effected  in  48  hours,  and  often  mucb  sooner.  Wlien  nothing 
Temains  undissolved  except  a  black  carbonaceous  residue,  filter 
through  an  asbestos  filter  prepared  by  packing  well-disintegrated 
Ksbestos,  neither  too  closely  nor  too  loosely,*  in  a  tube  8  or  9  inches 

"  Let  the  first  2  cm.  of  the  filtering  tube  at  the  very  hottoin  have  a  dinmeter 
of  j  cm.  nnd  the  next  2  cm.,  above  a  diameter  of  nbout  1  cm.  Leave  tbc  lower 
3  cm.  empty  and  fill  with  asbeatoB  to  a  point  a  little  nbove  where  the  tube  ha* 
its  full  diameter.  After  fltliog.  pour  wnter  ioto  the  tube ;  if  it  runs  through  In 
a  continnouB  atreuD,  tbe  packing  ia  too  looae,  but  it  should  drop  npldlf  . 
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lon"  and  ^  of  an  inch  in  diameter,  narrowed  at  one  end.  Wash  the 
cailioQ  residue  nntil  the  copper  Bolution  is  completely  removei  It 
is  not  safe  to  apply  an  exhaiistiug  apparatus  to  Itasten  the  filtratioo 
Mith  a  filter  prepared  in  this  manner.*  Dilate  the  filtrate  intiidis- 
tilled  {or  perfectly  clear)  water,  and  observe  whether  partides  of  the 
carbon  reeidae  have  paesed  through.  Dry  the  reeidne  in  the  tal»  A 
100°,  and  determine  the  amoant  of  carbon  in  it  by  combuEtion 
with  ]ead  ohromate  mixed  with  potaasiam  dichromate  aRcordiig 
to  §  177.  Remove,  for  this  pnrpose,  the  carbon  reeidne  togetlier 
with  the  asbestos  from  the  tube  with  the  aid  of  a  steel  wire  Elightk 
curved  at  the  end,  introdncing  it  throngh  the  narrow  endofibe 
tnhe,  loosening  and  pushing  the  whole  mass  out  into  a  Email  porce- 
lain mortar  already  containing  some  of  the  chromates.  Kineeoni 
the  tube  with  the  remainder  of  that  portion  of  the  chromal* 
which  is  to  he  mixed  with  the  substance,  and  mix  with  a  pestle  in 
the  mortar  till  the  asbestos  is  broken  up  to  such  an  extent  tkt  ihe 
mixture  can  be  introduced  into  the  comboBtion  tube  thnfflgln 
funnel. 

2.  Determination  <ff  tAe  graphiie. 

Treat  4  grm,  with  moderately  concentrated  hydrochloric  acM,  tt 
a  gentle  heat,  until  no  more  gas  is  evolved ;  filter  the  Bolaoon 
throngh  an  asbestos  filter  prepared  as  in  1 ;  wash  the  nndiEfo^e^ 
residue,  first  with  Iwiling  water,  then  with  solution  of  potsES*.  after 
this  with  alcohol,  and  lastly  with  ether ;  then  dry,  and  bum  after 
§  177.  Deduct  the  graphite  obtained  here  from  the  total  amonnt 
of  carbon  found  in  1 ;  the  difference  gives  the  combined  carbon. 

3.  Determination  of  Sulphur. 

The  general  plan  adopted  in  all  good  methods  of  determining 
sulphur  in  iron  is  to  dissolve  the  metal  as  completely  as  is  p^a^ 
tieable  in  hydrochloric  acid,  whereby  the  greater  part  of  the  fiJ- 
phur,  being  converted  into  hydrogen  sulphide,  passes  off  aioni: 
with^a  large  volume  of  hydrogen  which  is  conducted  throtigh  some 
liquid  capable  of  absorbing  tlie  H,S.  For  this  purpose  bromine 
dissolved  in  hydrochloric  acid,  potassium   permanganate  soiution, 

•J.  Crbaoh  Smtth  hu  devlged,  and  descriliBd  in  ihe  Ainerical  Cheoial 
Jouroal.  vol.  i..  p.  868.  an  asbestos  fitter  for  filtering  carbon  mldun  whfclili 
.wmple.in.cfliiBtniction,  and  can  be  used  with  the  Bcrona  pump. 
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alkaline  lead  solution,  ammoniacal  cadmhiTn  Bolntion,  .tmmoniacal 
silver  solution  Lave  nil  Iwen  einployctl,  some  suitiible  method  in 
each  aise  being  devised  for  bniig".n(5  the  al>sorbed  sulphur  into  a 
weighable  fonn.  Only  the  method  in  which  an  aiurnoniacal  silver 
Bulution  is  used  will  here  be  described  in  detail. 

Apparatus.  A  flask  of  300  to  350  c,c.  capacity  is  provided 
with  a  doubly  perforated  rubber  stopper.  Through  one  hole 
passes  a  funnel  tube  for  the  introduction  of  acid.  The  end  of  this 
tube,  which  should  reach  nearly  to  the  bottom  of  the  flask,  is  drawn 
out  narrower  and  bent  upward  with  a  short  curve  to  prevent  gaa 
bubbles  from  entering  it  and  escaping.  For  absorbing  the  hydro- 
gen sulphide  f  j-om  the  evolved  gas  a  pair  of  connected  U-tubes  are 
used  like  those  in  fig.  64,  p.  436.  The  absorbing  tubes  are  con- 
nected with  the  flask  by  a  strong  (not  too  narrow)  tube  about  8 
inches  long,  bent  downward,  and  contracted  if  necessary,  at  each 
end,  80  as  to  fit  into  the  perforation  in  the  stopper. 

Treat  the  rubber  stoppers  used  in  making  connection  with  warm 
soda  solution,  and  carefully  mb  the  loosened  sulphur  from  the 
surface,  not  neglecting  the  perforations,  till  a  dean  black  surface 
is  obtained. 

Theproceaa.  Dissolve  a  gramme  or  more  of  silver  nitrate  in 
15  to  20  c.c  of  ammonia  solution.  Pour  at  least  10  c.c  of  this 
solution  into  the  first  U-tube  and  the  remainder  into  the  second. 
A  little  water  may  be  added  if  the  size  and  form  of  the  U-tubes 
require  it,  in  order  to  secure  proper  contact  with  the  gas  bubbles 
which  are  to  pass  through  them.  Introduce  10  grm.  of  the  iron  and 
40 — 50  c.c.  water  into  the  flask.  Adjust  the  funnel  tube  bo  that 
the  lower  end  may  be  under  the  surface  of  the  water.  Connect 
the  several  parts  of  the  apparatus,  and  add  concentrated  hydro- 
chloric acid  in  small  portions  at  a  time  so  as  to  produce  as  nearly 
as  practicable  a  constant  evolution  of  gas.  The  addition  of  acid 
may  be  regulated  according  to  the  appearance  of  the  second  TJ-tabe. 
The  first  tube  should  absorb  the  hydrogen  sulphide.  If  a  blacken* 
ing  of  the  solution  in  the  second  tube  begins  to  appear,  add  the 
hydrochloric  acid  more  gradually.  When  (usually  after  4  or  5 
hours)  the  addition  of  more  hydrochloric  acid  fails -to  increase  the 
very  slow  evolution  of  gas,  heat  the  flask  gently,  but  not  to  boiling, 
20  or  30  minutes,  with  addition  of  more  hydrochloric  acid,  taking 
care  not  to  distil  over  enough  acid  to  neutralize  the  ammonia  in 
the  first  U-tube.    Collect  the  precipitate  formed  in  the  first  tube 
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on  a  small  filter,  AvasK  slightly,  and  Jiy  at  100°  C.  Dit  abo  ilis 
L'-tubo,  to  wliicli  a  portion  of  the  precipitate  invariably  adlim>. 
The  set'ond  tube  will  not  contain  an  appreciable  qiiantity  of  silver 
Bulphide  unless  too  rapid  a  current  of  gas  has  been  nniutenlioiialh 
produced.  Place  the  dry  filter  and  its  eont'iiits  in  a  small  Jn" 
buaker.  Dissolve  or  l<x>sen  the  sulphide  of  silver  from  the  UliiU' 
by  shaking  with  successive  portions  of  aqua  regia  and  ponring  inio 
a  small  beaker,  using  in  all  about  20  co.  Then  put  into  the  beaker 
the  dried  silver  sulphide  with  the  filter. 

The  insoluble  residue  in  the  flask,  consistiuK  chiefly  of  grapljite 
and  silica,  often  contains  sulphur,  and  shoald  never  be  nf^lected 
in  the  analysis  of  pig-irons.  Collect  it  on  a  filter  and  wash  ont  the 
free  acid,  dry  on  the  filter  thoroughly  at  100°,  detach  from  ibe 
filter  carefully,  mb  the  mass  to  a  powder  in  a  beaker  with  a  glaif 
rod,  and  add  aqua  regia. 

Allow  the  aqua  regia  to  act  on  the  two  products  at  the  comnion 
temperature  6  hours,  and  afterwards  12  to  24  hours,  at  iO°  to  54°C- 
Then  concentrate  to  one  third  the  first  volume,  dilute,  and  filter  each 
through  separate  filters  and  unite  the  filtratOB.  After  concentnitiog 
to  about  50  c.cadd  barium  chloride,  and  continue  the  eoncertration 
not  quite  to  dryness,  but  till  only  liquid  enough  remains  to  moiften 
the  residue.  Add  a  small  volume  of  water  and  5  or  6  drops  oi 
hydrochloric  acid.  Treat  the  residue  of  impure  barium  enlphaie 
thus  obtained  as  iu  the  determination  of  sulphur  in  iron  oree  ip- 
746). 

Tlie  aqua  regia  used  for  oxidizing  the  silver  sulphide  and  tlie 
insoluble  residue  must  be  tested  for  sulphuric  acid  as  directed  in 
"  Analysis  of  Iron  Ores,"  p.  746.  The  process  of  dissolving  the 
iron  in  tlie  flask  sliould  be  carried  on  without  interruption. 

This  method  gives  results  agreeing  with  remarkable  cloeenefs 
when  repeated  determinations  are  made  in  the  same  sample. 

The  substitution  of  a  hydrochloric  acid  solution  of  bromine  for 
the  solution  of  silver  nitrate  in  ammonia  requires  no  essentia] 
change  in  the  details  of  the  process.  The  apparatus,  however, 
must  be  modified  so  as  to  avoid  much  contact  of  rubber  stoppen 
with  the  bromine  vapor.  The  bromine  solution  at  the  close  of  the 
operation  contains  the  snlphur  which  lias  l)een  evolved  at  Ufi 
already  in  the  form  of  sulphuric  acid,  which  can  be  determined 
simply  by  precipitation  with  barium  chloride  after  evaporating  oS 
the  hydrodJoric  acid  to  the  proper  extent.    But  since  the  insoluble 
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residue,  when  accurate  results  are  desired,"  ihust  be  treated  for 
sulpliar,  as  before  described,  there  is  little  saving  of  time  or 
trouble  by  this  shorter  method  of  determiDing  the  sulphur  which 
passes  into  the  U-tube. 

4.  Determination  of  Phoaph&rua. 

If  the  iron  is  known  to  contain  over  0'5  per  cent,  of  phosphorus 
2  grm.  will  suffice.  If  less  is  present  4  grm.  ma}'  be  tnken  for  the 
determination. 

Dissolve  with  a  mi;ctnre  of  equal  parts  of  concentrated  nitric 
and  hydrochloric  acids,  using  aboat  30  c.c.  per  gi-ammo  o£  iron 
taken,  and  pouring  the  whole  quantity  upon  tlie  iron  at  once.t 

Proceed  further  in  all  details  precisely  as  directed  for  deter- 
mination of  phosphoms  in  iron  ores. 

5.  Determinatwn  of  Silicon. 

The  residue  from  the  solution  used  for  determining  phosphorus 
may  be  used  for  determining  silicon.  Ignite  it  without  sepai-atiuii 
from  the  filter  until  the  graphite  is  partially  burned  away.  Fuso 
with  sodium  carbonate  mixed  with  a  little  potaeeiutn  nitrate,  suUi- 
cient  to  effect  complete  combustion  of  the  carbon  still  present. 
Treat  the  fused  mass  first  with  boiling  water,  in  which  it  readily 
dissolves,  except  some  silica  in  light  flocculent  form,  and  traces  of 
metallic  oxides.  Acidify  with  hydrochloric  acid,  or  nitric  acid  in 
case  the  solution  is  to  be  in  contact  with  platinum,  and  separate 
silica  as  usual.  When  the  quantity  of  silica  is  not  over  1  per  cent., 
these  operations  may  be  most  conveniently  performed  in  a  large 
platinum  crucible  without  transferring  the  substance  to  any  other 
TCflsel. 

6.  Determi-nation  of  Mwnga-nese. 

Bissolve  3  grm.  in  aqua  regia,  evaporate  to  dryness  to  separate 

*  ]  have  frequently  detennlned  separately  the  sulphur  remainiDg  In  the 
insoluble  residue  obtained  by  treating  pig-iron  ns  described  in  this  procesH,  anil 
seldom  find  it  to  1>e  free  from  a  iveighable  quantity  of  sulpliur;  in  Eome  cases 
amnuniing  even  to  one  third  of  the  total  amniint  fouml,— O.  D.  A. 

f  If  the  mixture  of  ncids  is  gmduaily  added  lo  Ihs  iron,  tspcciolly  if  a  larger 
proportion  of  bydrocbloric  is  used,  a  possible  escape  of  pbospboretted  hydrogen 
may  be  apprehended. 
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silica,  rediBSoIve  iritli  Iiydrocliloric  acid,  filter,  and  determine  man- 
ganeae  in  the  solution  as  in  iron  ores.     Method  1,  p.  747. 

In  epiejrel-iron  the  manganese  may  be  more  accnratelr  deter- 
mined by  disKoiving  "5  grm.,  evaporating  to  dryness,  red issolving 
with  hydrocliloric  acid,  and  proceeding  with  the  Bolotion  as  in 
Method  2  for  iron  oree  (p.  749). 

7.  Determination  of  Copper. 

If  a  determination  of  the  minute  qnantity  of  copper  eometimes 
present  in  pig-iron  is  required,  it  may  be  done  in  the  same  portion 
used  for  Bulphnr.  Dilute  the  filtrate  from  the  first  insoluble 
rcBidnc  and  ]>aBB  hydrogen  snlphide  throngh  it  nearly  an  hour. 
More  or  less  Bulphnr  separates.  Allow  it  several  hours  to  settle. 
If  the  deposit  is  darker  in  color  than  pure  sulphur,  presence  of 
copper  is  indicated.  In  that  case  collect  it  on  a  filter  and  wasli 
with  a  dilute  solution  of  hydrogen  snlphide.  Copper  is  also  often 
found  in  the  insoluble  residue.  When  this  residue  is  treated  with 
aqua  regia  to  extract  the  sulphur  possibly  retained  by  it,  the  copper 
is  dissolved  and  goes  finally  into  tlie  filtrate  from  the  impure 
barium  sulphate  first  obtained.  Pass  H,S  through  this  filtrate  and 
filter  off  any  precipitate  which  may  result. 

Incinerate  the  two  filters  containing  the  copper  precipitates  in 
a  porcelain  crucible.  Treat  the  residue  in  the  crucible  with  aqua 
vegia,  add  finally  a  few  drops  of  sulphuric  acid,  remove  the  otlur 
acids  by  evaporation,  take  up  the  cupric  sulphate  in  a  small  volume 
of  water,  filter  and  precipitate  the  copper  again  with  II,S,  and 
weigh  it  as  cuprous  sulphide. 

8.  Presence  of  Other  lliemenia  in  Pig-Iron. 
Besides  the  above-mentioned  elements,  sodium,  potafsioin. 
lithium,  calcium,  magnesium,  aluminium,  chromium,  titanium, 
^inc,  cobalt,  nickel,  tin,  arsenic,  antimony,  vanadium,  and,  accord- 
ing to  some  authoritiee,  nitrogen,  may  occur  in  minute  quantities 
in  pig-iron.  Their  determination,  however,  is  rarely  nndertaken; 
jKirtly  because  it  is  not  known  whether  they  have  any  influence, 
good  or  bad,  on  the  quality  of  the  iron  when  present  in  Ench 
minute  proportions,  and  partly  because  it  is  very  difficult  to 
determine  tliem  accurately  on  account  of  lack  of  sufficientlj 
jmre  reagents,  the  action  of  solutions  on  the  vessels  need  in  the 
process,  &c. 
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II.  Steel  ahd  "Weotjoht  Ibon. 

Determine  carbon,  eillcon,  sulphor,  plioBphorns,  and  manganeBe 
as  in  pig-iron,  with  tlie  following  modiiicationB  oiilj  of  tlie  pro- 
cttBses  used  for  carbon,  silicon,  and  sulphur. 

Silicon  a  best  determined  in  a.  Eeparato  portion,  since  the  quan- 
tity used  for  phoephorus  does  not  afford  enough  silica  to  weigh 
accurately ;  10  grm.  will  suffice.  Place  the  weighed  quantity  in  a 
platinum  (or  porcelain)  dieli,  add  lirst  30  to  40  c.  c.  water ;  next, 
gradually,  concentrated  hydrochloric  acid  until  with  aid  of  heat 
the  metal  is  dissolved,  leaving  a  residue  of  more  or  less  carbona- 
ceous matter.  Evaporate  to  dryness,  expose  to  a  temperature  of 
120°  to  150°  C.  in  an  air-bath,  redissolve  the  iron  by  adding  fii-st 
concentrated  hydrocliloric  acid,  and  next  water.  Filter  through  a 
small  filter,  incinerate  the  filter  and  bum  the  carbon  out  of  the 
residne,  fuse  with  sodium  carbonate,  disintegrate  the  fused  mass 
with  water,  acidify  with  hydrochloric  acid,  and  separate  silica  by 
evaporating  in  the  crucible.  The  now  pure  silica  is  collected  In  a 
very  Bmall  filter,  washed  and  weighed  in  the  usual  manner. 

In  the  analysis  of  Bessemer  steel,  or  any  steel  or  iron  which 
has  been  molted,  it  may  be  assumed  that  the  ^ca  thus  obtained  is 
formed  by  oxidation,  in  the  process  of  analysis,  of  silicon  existing 
in  the  metal.  In  the  analysis  of  ordinary  wrought  iron  the  silica 
obtained  may  come  partly  from  ailicon  and  partly  from  mechani- 
cally mixed  particles  of  slag  in  which  it  existed  as  silica. 

Carbon.  Use  for  determination  6  to  10  grm.  of  steel  or  10  grm. 
of  wrought  iron. 

Sulphur.  Treat  the  comparatively  small  quantity  of  insoluble 
residue  collected  on  a  small  filter,  washed  and  dried,  directly  with 
aqua  regia  without  removing  from  the  filter.] 


19.  ANALYSIS  OF  COAL  AND  PEAT. 


For  technical  purposes,  estimations  of  moisture,  ash,  coke,  and 
volatile  matters  usaally  sufiice.  Determination  of  sulphur  is  lees 
frequently  required,  and  ultimate  analysis  is  only  resorted  to  in 
special  cases. 
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a.  Moisture.  The  finely  pulverized  coal  (3 — 5  grm.)  la  heated 
to  110° — 115°  for  an  hour  or  more  or  until  it  ceases  to  lose  weight 
(see  §  20).  Many  hitnminoas  coals  gain  weight  after  a  time  from 
oxidation  of  snlphidee  or  hydcocarbonB  (Whitmet).  According 
to  IIiNRicHB,*  drying  the  coal  for  one  hour  effects  the  mazimniD 
loss. 

b.  Coke  and  volatile  maUera.  The  dried  ooal  of  a  is  Eharply 
heated  in  a  closed  platinum,  or,  in  presence  of  snlphidee,  in  i 
porcelain  crucible  as  long  as  combustible  matters  issue  from  it  It 
is  then  cooled  quickly.  The  loss  is  set  down  as  volatile  matters. 
The  residue,  less  the  asli,  is  coke. 

c.  Ash.  The  residue  of  h  is  incinerated  in  a  crucible  placed 
^lunt. 

d.  Carbon  and  hydrogen  are  determined  by  comboetioD  with 
cliromate  of  lead  and  bichromate  of  potash,  §  .177. 

e.  Sulphur  is  best  determined  according  to  §  186,  c,  2,  «,  p. 
658.  The  metliod  thus  described  gives  the  amotmt  of  ash  as  weS 
as  sulphur. 

Or  the  following  simple  method  recommended  by  Eschea-*-  nm 
be  employed.  About  1  grm.  of  the  finely  pulverized  snbstance  k 
intimately  mixed  by  stirring  with  a  plationm  wire  with  1  gnu, 
burned  magnesia  (MgO)  and  '5  grm.  dry  sodium  carbonate  in  a 
platinum  crucible.  The  uncovered  crucible  is  then  heated  in  an 
inclined  position  with  an  alcohol  lamp  eo  that  only  the  lower  half 
becomes  red  hot.  In  order  to  facilitate  combustion,  which  requires 
according  to  the  nature  of  the  substance,  J  to  1  hour,  the  mixture  is 
frequently  stirred  with  a  platinum  wire.  After  the  carl>on  is  con- 
sumed and  the  color  of  the  mass  lias  changed  to  brownish  or 
yellowish,  J  to  1  grin,  of  pulverized  anhydrous  ammonium  nitrate 
ia  added  and  intimately  mixed  with  the  contents  of  the  cmcilile. 
The  mixture  is  then  ignited  again,  in  the  covered  crucible,  from  5 
to  10  minntes.  Any  sulphites  which  may  have  been  formed  at 
first  are  hereby  converted  into  sulphates.  The  mixture,  whidi 
retains  its  pnlvemlent  form,  is  next  transferred  to  a  beaker  and 
warmed  with  150  c.c.  of  water.  The  solution  is  filtered  and  acidi- 
fied with  hydrochloric  acid.  Solphoric  acid  is  then  precipitated 
with  barium  chloride. 

•  Chemical  News,  19,  283.  \  ZdUchr.  f.  anal.  Chem.  13,  844 
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All  the  eulphnr,  whether  existing  in  tUo  form  of  calcium  anl- 
phate  or  pyrites,  in  the  coal  ia  obtained  by  this  method. 

The  sulphur  of  calcium  sulphate  in  coal  (nay  be  separately 
determined  by  boiUng  34  hours  the  finely  powdered  coal  witli  en 
equal  weight  of  sodium  carbonate  diseolved  in  water,  filtering, 
acidifying  with  hydrocliloric  acid,  and  precipitating  with  barium 
chloride. 

The  calcin^i  sulphate  is  decomposed  by  the  Bodium  carbonate, 
wMle  Bulphides  of  iron  are  not  attacked. 


[20.  ANALYSIS  OF  COMMERCIAL  FERTILIZERS. 


1.  Preparation  of  the  sa/m^.  Mix  the  sample  uniformly  and, 
if  need  be,  take  a  portion  of  20 — 50  grms.  which  shall  accurately 
represent  the  whole,  for  further  pulverization.  Bone,  dried  blood, 
guano,  &C.,  should  be  ground  or  pounded  fine  enough  to  pass 
through  sieve  meshee  of  -^  in.  diameter. 

Snperphosphates  should  be  merely  rubbed  in  a  mortar  to  crush 
lamps  and  secure  uniformity.  Grinding  of  superphosphates  may 
occasion  a  further  action  of  the  acid  on  the  undissolved  phosphate 
and  increase  the  per  cent,  of  soluble  phosphoric  acid. 

If  the  substance  is  very  moist  and  coarse  dry  20  to  50  grms.  at 
100°,  with  addition  of  a  weighed  amount  of  oxalic  acid  if  ammonia 
is  likely  to  escape,  till  it  can  be  easily  handled,  grind  fine  and  weigh. 
Make  nitrogen  determinations  in  this  portion  and  reckon  the  results 
back  to  the  ori^nal  material. 

Analysis  of  Sitpkephosphate. 

2.  SolvhU  Phosphoric  Acid.  Bring  20  grm.  into  a  litre  flask 
with  about  800  c.  c.  of  water  and  shake  frequently  (every  10  min- 
Qtes)  for  2  hours:  then  make  up  to  volume  of  1  litre;  mix 
thoroughly,  pour  on  dry  filter  and  measure  off  100  c.  c.  =  2  grm. 
Bubetance. 

3.  The  determination  of  phosphoric  acid  in  the  solution  tluis 
obtained  may  be  made  most  accurately  by  the  molybdic  metliod. 
(See  p.  375). 

4.  A  simpler,  more  rapid  and  for  most   purposes  sufficiently 
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accarate  procese  is  tlie  following  "  citric  method,"  first  published 
in  its  present  form  by  Petebhaitn,  bnt  worked  out  independently 
in  the  Connecticut  Agricaltural  Experiment  Station,  as  follows: 

To  the  solution  add  55  c.  o.  solution  of  ammoniom  citrate,* 
(equivalent  to  10  grm.  of  otTBtaUined  citric  add),  40  c.  c.  of  nug- 
nesla  mixtaret — io  ^1  cteea  use  about  four  tunes  ae  much  as 
would  be  required  to  combine  with  the  phoephorie  acid — and  then 
add  to  the  solution  75  c.  c.  of  water  and  90  c.  c.  of  ammonia  soln- 
tion  of  sp.  gr.  0'96.  The  precipitate  should  be  distinctly  crjetal- 
line ;  a  flocculent  pi-ecipitate  indicates  that  insufficient  ammoniani 
citrate  has  been  added. 

Stir  vigoroiialy  and .  repeatedly  and  after  12  hoars  filter,  wa-L 
with  dilute  ammonia,  ignite  and  weigh.  The  use  of  Goocn'saj- 
bestus  {liter  greatly  facilitates  the  work. 

6.  Reverted  Pltosphoric  Acid.  Place  2  grm.  of  sabstance  in 
a  mortar.  Take  100  c.  c.  of  neutral  or  slight  alkaline  ammoniunt 
citrate  solution,  sp.  gr.  l.Od,  (the  commercial  citrate  is  stron^y 
acid),  ponr  5U  c.  c.  on  the  substance,  add  dilute  ammonia  to  slight 
alkaline  reaction,  pulverize  the  substance,  let  the  coarser  parts  settle, 
ponr  off  the  turbid  liquid  into  a  flask,  grind  the  residue  to  the 
finest  powder  and  wash  it  with  the  remaining  citrate  solution  into 
the  flask,  keep  the  contents  of  the  latter  at  30° — 40°  for  half  an 
hour,  with  very  frequent  shaking,  then  dilute  to  200  c.  c,  poor 
upon  a  dry  filter,  take  100  c.  c.  of  filtrate=  1  gnn.  substance,  add  *' 
c.  c.  magnesia  mixture,  120  c.  c.  water  and  100  c  c.  anmionia,  sdr. 
Alter,  ignite,  etc.,  as  under  4. 

Deducting  the  soluble  phosphoric  acid  from  that  here  found 
gives  the  amount  of  "  reverted  phosphoric  acid." 

6,  InaoliAle  Phosphoric  Acid.  5  grm,  of  the  saperpbosphate 
are  wet  with  5  c.  c  solution  of  magnesium  nitrate,  sp.  gr.  1.3554 

'Neutralise  185  gnn.  citric  odd  witli  ammonia  or  ammonium  carbonate,  in 
very  slight  excess,  and  bring  to  «  volume  of  1000  c.  c. 

fllO  gnn.  crjstollized  HgG1,aE,0,  140  gnn.  NHtCl,  700  c  c  Bolatkaiof 
ammonia  sp.  gr.  OM,  and  water  to  make  9  litres.  Instead  of  HgC]|6H,0.  2! 
grm.  of  calcined  magnesia  may  be  dissolved  in  tlie  equivalent  quantity  of  ECl 
the  solution  t)oiled  witb  a  little  ealcioed  magnesia  in  excess  and  fllleied. 

i  DLsBolve  160  gnn.  calcined  MgO  in  the  equivalent  quantity  of  HNOi,  bdl 
witli  a  little  excess  of  MgO,  filter  and  bring  to  volume  of  1  litre.  5  c.  c.  of  thii 
solution  is  enough  to  prevent  formation  of  pyrophoepbate  in  5  grm.  of  any  com- 
mercial superphosphate.  If  not  enough  to  destroy  organic  maUere,  mcHitn  tbt 
residue  of  ignition  with  BNOi  aud  heat  again. 
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evaporated  to  dryness  and  gently  ignited.  Tlie  rcfiidiia  is  digestol 
with  hyih-ocliloriii  acid,  dilated  to  500  c.  c.  and  filtered  on  a  dry 
filter.  To  IDO  c.  c.  of  filtrate  (=  1  gi-m.  subslauee)  are  added 
41)  c.  c.  ammonium  citrate  solution,  25  c.  c.  Diagncsium  mixturu, 
100  c.  e.  water  and  90  a  c  ammonia.  Tlie  precipitate  is  treated 
as  under  i.  Subtracting  the  result  of  5  from  that  of  6,  gives  the 
"  insoluble  phosplioric  acid." 

7.  To  apply  the  molybdic  method  to  the  analysis  of  superphos- 
phates, determine  total  phosphoric  acid  in  2  grm.,  firet  ignited  with 
addition  of  magnesium  nitrate,  then  treated  with  nitric  acid  to 
complete  solution  of  the  phosphates  and  diluted  to  500  c.  c. 
100  c.  c.  of  this  solution  are  used.  Determine  "insoluble  phos- 
phoric acid "  in  a  suitable  aliquot  of  the  nitric  eoliition  of  the 
insoluble  residue  of  5.  Eeverted  phosphoric  acid  is  found  indirectly 
by  subtracting  from  the  total  the  sum  of  the  soluble  and  insoluble. 

8.  Potash.  Boil  10  grm.  with  water  for  10  minutes,  dilate  the 
solution  to  1000  c.c.  and  filter  through  a  dry  filter. 

The  error  of  measurement  due  to  the  presence  of  undissolved 
mattera  is  inconeiderable  and  may  be  neglected.  Heat  100  e.c.  of 
the  filtrate  to  boiling,  precipitate  sulphuric  acid  by  barium  chloride 
and  magnesium  iron,  &c,  together  with  phosphoric  acid  by  barium 
hydroxide  and  filter.  In  the  filtrate,  heated  nearly  to  boiling,  pre- 
cipitate the  barium  by  atnmonium  carbonate  and  filter.  Evaporato 
the  filtrate  to  dryness,  expel  ammonium  salts  by  ignition,  dissolve 
the  residue  in  a  little  water  and  determine  the  potash  by  excess  of 
platinic  chloride  in  the  usual  way. 

When  the  substance  contains  much  soluble  organic  matters  it  is 
better  to  destroy  these  at  the  outset  by  heat,  which  should  bo  very 
■  gentle  at  first  and  may  finally  reach  faint  redness. 

Nitrogen  may  exist  in  superphosphates  either  in  organic  com- 
bination, as  ammonium  salts,  or  as  nitrates. 

9.  The  nitrogen  of  ammoninm  salts  is  determined  in  alt  cases 
by  diatilliog  with  calcined  maguesta — proceeding  as  directed  p. 
220,  except  that  magnesia  must  be  used  instead  of  potash  or  lime. 

10.  The  nitrogen  in  organic  combination  when  alone  or  together 
with  ammonlam  salts  is  determined  by  combustion  with  soda  lime 
(p.  644),  in  the  latter  case  subtracting  from  the  resnlt  the 
amount  of  nitrogen  already  found  to  exist  in  ammonium  salts. 

11.  Nitrogen  in  the  form  of  nitratea  is  determined  by  Soholze's 
method  ae  described  on  p.  473. 
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12.  Wlien  nitrates  and  nitrogenouB  organic  mattere  occur 
together,  it  is  necessary  to  determine  tbe  total  nitrc^n  by  the 
absolute  method  as  deeciibed  ou  p.  63T&&. 

The  determination  of  soluble,  reverted,  and  insoluble  phosphoric 
acid,  of  potash  and  of  nitrogen,  is  nsuallj  sufficient  to  fix  the  com- 
mercial value  of  a  superphosphate.  It  is  sometimes  required,  how- 
ever, to  determine  water,  sulphuric  acid  and  chlorine. 

13.  Wat«r.  Dry  one  gramme  for  three  hours  at  100"*.  It  is 
often  impracticable,  and  for  commercial  purposes  is  onnecessaiy, 
to  make  an  accurate  water  determi nation.  Gypsum,  which  most 
superphosphates  contain  in  considerable  qaantity,  does  not  pan 
with  all  its  water  readily  or  completely  at  100°,  while  a  higher  heat 
to  some  extent  decomposes  the  organic  matters. 

14.  Sulphuric  acid.  Boil  one  grm.  with  water  acidulated 
with  hydrochloric  acid,  filter,  and  determine  sulphuric  acid  in  the 
filtrate  in  the  usual  way.  It  is  advisable  in  all  cases  to  purify  tbe 
precipitate  as  described  on  p.  366. 

15.  ChloTine  is  estimated  by  Volhasd's  method,  or  by  precipi- 
tation with  silver  nitrate  in  the  clear  hot  water  extract  of  1  grm. 

GlTAKO. 

1 6.  The  determinations  oipho^horie  acid,  soluble, "  reverted," 
and  insoluble,  are  made  precisely  as  in  the  case  of  a  superpboe- 
pliate.  The  soluble  phosphoric  acid  consists  of  phosphates  of  the 
alkalies,  and  the  washings,  except  in  the  case  of  "  rectified"  goanw 
which  have  been  treated  with  oil  of  vitriol,  are  alkaline. 

17.  Determine  nitrogen  aa  in  superphosphates.  Many  guaaoe 
contain  ammoniam  carbonate  and  therefore  require  care  in  manipula- 
tion to  prevent  its  escape.  If  nitrates  are  present,  add  to  the  0-5 
gr.  taken  for  combustion  with  soda  lime  an  equal  weight  of  pure 
sugar  or  oxalic  acid.  The  quantity  of  nitrate  is  so  small  that  with 
this  precaution  accurate  results  are  obtained  without  resorting  to 
the  absolute  method, 

18.  Potash  is  determined  as  in  superphosphates. 

19.  If  a  determination  of  water  is  required,  weigh  the  guano  in 
a  boat  and  introduce  it  into  a  tube  which  is  heated  to  100°  in  an 
air  or  water  bath.  One  end  of  this  tube  is  connected  with  a  drr- 
ing  apparatus  containing  oil  of  vitriol  or  calcium  chloride.  The 
other  is  provided  with  a  U-tube  and  standard  acid  for  remring 
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ammonia,  arid  an  aspirator  to  maintain  a  current  of  dry  air.  The 
volatilized  ammonia  is  measured  with  a  standard  alkali  and  taken 
into  account  in  reckoning  the  lose  of  weight. 

Bone. 

20.  TTofcr.     Dry  1  grm.  at  100°,  and  determine  water  by  loea. 

21.  Fat.  Transfer  the  dry  bone  to  an  extraction  apparatus  and 
extract  with  absolnte  ether  as  long  as  anything  is  removed. 

Evaporate  the  ether  extract,  dry  at  100°  for  two  bonrs  and 
weigh. 

22.  Carbonic  acid.  Determine  carbonic  acid  in  1  grm.  by  the 
method  described  on  p.  4120. 

23.  Aeh.  Incinerate  1  grm,  till  the  ash  is  white  or  light  gray. 
Moisten  with  ammooinm  carbonate  solution,  dty,  ignite  gently  and 
weigh. 

24.  Pho^horic  acid.  Dissolve  the  ash,  prepared  as  above,  in 
hydrochloric  acid,  filter,  dilute  to  250-300  cc,  add  12-15  grm.  of 
citric  acid  as  ammonium  citrate  and  precipitate  with  magnesia 
mixture  in  the  manner  previously  described,  4,  or  dissolve  in 
nitric  acid  and  proceed  by  the  molybdic  process. 

25.  Nit/rogen.  Determine  nitrogen  in  1  grm.  by  combustion 
with  soda  lime. 

For  most  purposes  the  determination  of  phosphoric  acid  and 
nitrogen  in  euMdent, 

Potash  Salts. 

26.  Eoil  5  grm.  with  water  for  10  minntes,  dilute  to  1000  cc. 
and  determine  potash  in  100  cc.  as  described  under  8  or  29. 

27.  In  another  portion  of  100  <i.<i.,  determine  sulphuric  acid  by 
barium  chloride,  and  in  a  third  portion  chlorine  may  be  deter- 
mined by  precipitation  with  silver  nitrate,  or  more  conveniently 
by  Volhaed's  method. 

28.  Determine  water  by  beating  2-5  grm.  in  a  phitinum  capsule 
to  dull  redness. 

29.  PtrffwA.  Stohmann  directs  to  boil  10  grm.  of  substance 
vrith  about  300  cc.  of  water,  and  to  add  dropwise  BaCl,  solution 
nntil  no  further  precipitate  appears,  to  let  cool  and  dilute  to  1000 
C.C.,  and  after  subsidence  or  filtration  to  take  100  cc.  of  the  clear 
solution,  add  a  large  excess  of  PtCl.  (equivalent  to  about  2  prrm. 
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Ft),  evaporate  and  proceed  as  usual  with  the  precipitate  A£  tin' 
alkali-earth  pUtinchlorides  are  all  soluble  in  alcohol,  the  results  ire 
good. 

21.    ANALYSIS  OF  ATMOSPHERIC  AIR. 

§231. 

In  the  anatjrsis  of  atmospheric  air  we  nsnallj  confine  our  at- 
tention to  the  following  constituenta :  oxygen,  nitrogen,  carboiiii; 
acid,  and  aqueouB  vapor.  It  Is  only  in  exceptional  cases  that  ibt; 
exceedingly  minute  quantities  of  ammonia  and  other  gases — mauj- 
of  which  may  be  assumed  to  be  always  present  in  infiniteaiiutl 
traces — are  also  determined. 

It  does  not  come  within  the  scope  of  the  present  work  to  de- 
scribe all  the  methods  which  have  been  employed  in  the  capital 
investigations  made  in  the  last  few  yean  by  Bbciweb,  Bcxsen. 
Ddmas  and  Boubsinoaolt,  Rbonadlt  and  Bbiset,  and  othera.  To 
these  methods  we  are  indebted  for  a  more  accurate  knowledge  of 
the  composition  of  our  atmosphere,  and  excellent  descriptions  of 
them  will  be  found  in  the  works  below.* 

I  confine  myself  to  those  methods  which  are  foond  most  con- 
venient in  the  analysis  of  the  air  for  medical  or  technical  purposes. 

A.     DBTBIcmNATIOM   OF   THE   WaTEB  AND   CaBBONIO   AoB. 


It  was  formerly  the  custom  to  effect  those  determinations  by 
Bbunneb's  method,  which  consisted  in  slowly  drawing,  by  means 
of  an  aepirutor,  a  measured  volume  of  air  through  accurately 
weighed  apparatuses  filled  with  substances  having  the  property 
of  retaining  the  aqueous  vapor  and  the  carbonic  acid,  and  esti- 
mating these  two  constitnenta  by  the  increased  weights  of  the  ap 
paratnses. 

Fig.  103  represents  the  arrangement  reconmiended  by  Bes- 

NADLT. 

'  AiuflUiTlicheB  Handbuch  der  analytiKheo  Cbemie,  von  H.  Rosa,  ItSSS.- 
Qrabam-Otio's  Ausf  QhrlicheB  Lehrbucb  der  Cbemie,  Bd.  II.  Ablta.  1. 8.  Ite^mq-! 
HandwOrterbucb  der  Ctiemle,  von  Llebig,  Poggeodorff  und  Wsbler,  8  Anfl.  Bd- 
XL  B.  481  tt  laq.;  aod  Bungen'g  Oasometi;. 
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Tlie  vessel  Y  is  made  of  galvanized  iron,  or  of  sheet  zinc ;  it 
holds  from  50  to  100  litres,  and  stands  npon  a  strong  tripod  in  a 
trough  large  enough  to  hold  the  whole  of  the  water  that  V  con- 
tains. At  a  a  brass  tube,  c,  with  stopcock,  is  firmly  fixed  in  with 
cement.  Into  the  aperture  h,  which  serves  aieo  to  fill  the  appara- 
tus, a  thermometer  reaching  down  to  the  middle  of  V  is  fixed  air- 
tight by  means  of  a  perforated  cork  soaked  in  wax. 

The  efflnx  tnbe,  r,  which  is  provided  with  a  cock,  is  bent  slightly 
apward,  to  guard  against  the  least  chance  of  air  entering  the  vessel 


Fig.  103. 

from  below.  The  capacity  of  the  vessel  is  ascertained  by  filling  it 
completely  with  water,  and  then  accurately  measuring  the  contents 
in  graduated  vessels.  The  end  of  the  tube  c  is  connected  air-ti{^ht 
with  F,  by  means  of  a  caoutchouc  tube;  the  tubes  A — i^are  simi- 
larly connected  with  one  another.  A,  B-,  E,  and  .fare  filled  with 
email  pieces  of  glass  moistened  with  pnre  concentrated  sulphuric 
acid,  C  and  D  with  moist  slaked  lime.*     Finally,  A  is  also  con- 

*  With  regard  to  C  and  Z>.  I  have  relamed  lo  lime,  preferring  it  to  pumice 
snlurated  with  solutioD  of  potash,  because,  as  Hla»iwetz  (Chem.  Centralbl.  1856, 
R75)  has  shown,  the  aoliiiion  of  potash  absorbs  not  odIj  carboolc  acid,  but  also 
oxygen.  Indeed,  H.  Rose  had  previnualy  made  asimilar  observation.  With  re- 
spect to  the  other  tubes,  I  prefer  the  concentrated  sulphuric  acid  to  CBlclum 
chloride  as  the  absorbent  for  water  (see  Feitcnkofer,  Sitzungsbec.  der  bayer 
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nected  with  a  loDg  tube  leading  to  the  place  from  which  the  air 
intended  for  analysiB  is  to  be  taken.  The  corks  of  the  tubes  are 
coated  over  with  sealing-wax.  The  tubes  A  and  S  are  intended 
to  withdraw  the  moisture  from  the  air ;  they  are  weighed  bother. 
(,',  D,  and  .£"  are  also  weighed  jointly.  C  and  D  abeorb  the  car- 
I  ionic  acid ;  £'the  aqueouB  vapor  which  may  have  been  withdrawn 
from  the  hydrate  of  lime  by  the  dry  air.  ^need  not  be  weighed; 
it  simply  serves  to  protect  f  against  the  entrance  of  aqneoos  vapor 
from  V. 

The  aspirator  is  completely  filled  with  water ;  c  is  then  con- 
nected with  F,  and  thus  with  the  entire  eystem  of  tubes ;  the  cock 
r  is  opened  a  little,  jnst  sufficiently  to  cause  a  slow  efflux  of  water. 
As  the  height  of  the  column  of  water  in  K  is  continually  dimiu- 
ishing,  the  cock  most  from  time  to  time  be  opened  a  little  wider. 
to  maintain  as  nearly  as  possible  a  uniform  flow  of  water.  When 
V  is  completely  emptied,  the  height  of  the  thermometer  and  that 
of  the  barometer  are  noted,  and  the  tubes  A  and  £,  and  C,  D,  and 
£*  weighed  again. 

As  the  increase  of  weight  of  A  and  B  gives  the  amount  of 
water,  that  of  C,  2),  and  .Fthe  amount  of  carbonic  acid,  in  the  air 
which  has  passed  through  them  ;  and  as  the  volume  of  the  latter 
(freed  from  water  and  carbonic  acid)  is  accurately  known  from  tlic 
ascertained  capacity  of  F,*  the  calculation  is  in  itself  veiy  simple; 
but  it  involves,  at  least  in  very  accurate  analyses,  the  follovlng 
corrections : — 

a.  Beduction  of  the  air  in  F,  which  is  saturated  with  agneous 
vapor,  to  dry  air ;  since  the  an-  which  penetrates  through  e  is  diy. 

p.  Reduction  of  the  volume  of  dry  air  so  found  to  0%  and 
760  mm. 

When  these  calculations  have  been  made  (see  "  Calculations  of 
Analyses,"  in  Appendix),  the  weight  of  the  air  which  has  pene- 
trated into  F  is  readily  found  from  the  datum  in  Table  V.  at  the 

Abad.  1863.  II.  Heft  1.  S.  69).  Hlaaiwetz's  statement,  tbU  conc«Dtnted  »:• 
pburic  acid  also  takes  up  carbonic  add,  I  iiave  found  to  be  uim>mnted. 
Calcium  chloride  does  not  diy  the  air  completely,  and,  be^es,  Hlariweli  m^ 
that  when  it  is  used  a  trace  of  chlorine  ia  carried  away  correspoDdiog  1»  tbi 
amount  of  ozone  In  the  air  (op.  cil.  p.  617). 

•  Or  from  the  quantity  of  water  wbich  has  flown  from  F,  aa  the  eiperimenl 
may  be  altered  in  this  way,  that  a  portion  only  of  the  water  is  aUowed  to  rso 
out,  and  received  in  a  measuring  vesseL 
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end  of  the  volume;  and  as  the  carbonic  aeid  and  water  have  also 
been  weighed,  the  respective  quantities  of  these  coustitueuts  of  the 
ail'  may  now  be  expreeeed  in  per  cents,  by  weight,  or,  calculating 
the  weights  into  volumes,  in  per  cents,  by  measure. 

Considering  the  great  weight  and  size  of  the  absorption  appara- 
tus, in  comparison  to  the  inciease  of  weight  by  the  process,  at  least 
25,000  c  c.  of  air  must  be  passed  through ;  the  air  inside  the  bal- 
ance-case must  be  kept  as  dry  as  possible  by  means  of  a  snfScient 
quantity  of  calcium  chloride,  and  the  apparatus  left  for  some  time 
in  the  balance-case  before  proceeding  to  weigh.  Neglect  of  these 
measures  would  lead  to  considerable  errors,  more  particularly-  as 
regards  the  carbonic  acid,  the  quantity  of  which  in  atmospheric  air 
is,  on  an  average,  about  10  times  less  than  that  of  the  aqueous  vapor 
(comp.  Hlasiwetz,  loa.  cii.). 

For  the  eicact  determination  of  the  carbonic  acid  one  of  the  fol- 
lowing methods  is  far  better  suited : — 

a.  Process  suggested  hy  Fr.  Mohb,  applied  and  carefvUy  tested 
by  H.  V.  GiLM.*  VoN  GiLM  employed  in  his  experiments  an  aspira- 
tor holding  at  least  30  litres,  which  was  arranged  like  tliat  shown 
in  fig.  103,  but  had  a  third  aperture,  bearing  a  small  manometer. 
The  air  was  drawn  through  a  tube,  1  metre  long  and  about  15  mui. 
wide;  this. tube  was  drawn  out  thin  at  the  upper  end,  and  at  the 
lower  end  bent  at  an  angle  of  140° — 150°.  It  was  more  tlian 
half  filled  with  coarse  fragments  of  glass  and  perfectly  clear  baryta 
water,  and  fixed  in  snch  a  position  that  the  long  part  of  it  was 
inclined  at  an  angle  of  8° — 10°  to  the  horizontal.  A  narrow  glass 
tnbe,  fitted  into  the  uudrawn-out  end  of  the  tube  by  means  of  a 
cork,  served  to  admit  the  air.  Two  small  fiasks,  filled  with  baryta 
water,  were  placed  between  the  absorption  tnbe  and  the  aspirator ; 
these  were  intended  as  a  control,  to  show  that  the  whole  of  the 
carbonic  acid  had  been  retained.  When  about  60  litres  of  air  had 
slowly  passed  through  the  absorption  tnbe,  the  barium  carbon- 
ate formed  was  filtered  oS  out  of  contact  of  air,  and  the  tube  as 
well  as  the  contents  of  the  filter  washed,  first  with  distilled  water 
saturated  with  barium  carbonate,  then  with  pure  boiled  water. 
The  barinm  carbonate  in  the  filter  and  in  the  tube  was  then  dis- 
solved in  dilute  hydrochloric  acid,  the  solution  evaporated  to  dry- 

•  Ca»m.  CentralbL  1867,  760. 
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nesa,  the  residue  gently  ignited,  and  tbe  chlorine  of  the  bsnnm 
cliloride  determined  as  directed  §  141,  h,  a.  2  atoms  of  ehlorine 
represent  1  mol.  carbonic  acid.  It  is  obvious  tliat  one  uiaj  ako 
determine  the  bariam  in  the  liydrochloric  acid  solution  by  predpi- 
tatiitg  with  sulphuric  acid.  For  Altering  the  barium  carbonate. 
V.  GiLM  employed  a  double  funnel  (fig.  104) ;  the  inner  cork  has, 
besides  the  perforation  through  ^liich  the  neck  of  the  funnel 
passes,  a  lateral  slit,  which  establishes  a  commu- 
_y  nicatiou  between  the  air  in  the  outer  funnel  and 
/JV         the  air  in  the  bottle. 

As,  with  the  absorption  apparatus  arranged 
as  described,  the  air  has  to  force  its  waj  through 
a  column  of  fluid,  the  manometer  is  required  to  de- 
termine the  actual  volume  of  the  air ;  the  height 
indicated  by  this  iuEtrument  being  deducted  from 
the  barometric  pressure  observed  during  the  pro- 
sa. 
Pj^  jfy^  Fa.  Hour  •  now  recommends  as  the  abeofb- 

ent  fluid  a  solution  of  barium  hydroxide  in  pot- 
ash. This  ie  prepared  by  dissolving  crystals  of  barium  hydroxide 
in  weak  solution  of  potash  with  tlie  aid  of  heat,  and  filtering  off 
the  barium  carbonate,  which  invariably  forms  in  small  quantity. 
The  clear  filtrate  is  accordingly  saturated  with  barium  carbonate. 
HoHR  now  leaves  out  the  fragments  of  glass. 

This  method  afforded  v.  Gilm  vety  harmonioua  results.  Nev- 
ertheless, it  involves  one  source  of  error.  If  clear  baiyta  water  is 
passed  through  paper  with  the  most  careful  possible  exclusion  of 
air,  and  the  filter  is  washed  till  the  washings  are  free  from  baryta, 
and  dilute  hydrochloric  acid  is  then  poured  upon  the  filter,  and  the 
filtrate  thus  obtained  is  evaporated,  a  small  quantity  of  barium 
diloride  will  be  left,  showing  that  a  little  baryta  was  kept  back  by 
the  paper.  Al.  Muller'I'  has  already  called  attention  to  the  cap*- 
city  of  filter  paper  for  retaining  baryta. 

J.  M.  Peitenkofee's  proceas-X 

■a.  Principle  and  Requisites.     A  known  volume  of  air  is  made 

"  Leliibuch  der  Titrirmethode.  2d  ed.  446. 
t  Journ.  f.  prakt  Chem.  88,  884. 

X  Abhandl.  der  naturw.  u.  Uclm.  CommisdoD  der  k.  bayer.  Akad.  der  Was. 
■31.  J ;  AonaL  d.  Cbem.  u.  Pharm.  II,  Supplem.  BdL  p.  1. 
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to  act  upon  a  definite  quantity  of  etandu^  baryta  wat«r  (standard- 
ized by  oxalic  acid  solation),  in  Bach  manner  that  the  carbonic  acid 
is  completely  bound  by  the  baryta.  The  baryta  water  is  then 
ponred  ont  into  a  cylinder,  and  allowed  to  deposit  with  exclnBion 
of  air,  a  part  of  the  clear  finid  is  then  removed,  and  the  baryta 
remaining  in  eolntion  is  determined.  The  difference  between  t)io 
oxalic  acid  required  for  a  certain  quantity  of  baryta  water  before 
and  after  the  action  of  the  air  repi-esents  the  barinm  carbonate 
formed,  and  consequently  the  carbonic  acid  present. 

Two  kinds  of  baryta  water  are  nsed :  one  contains  21  grm.  and 
the  other  7  grm.  crystallized  barinm  hydroxide  *  in  the  litre ;  these 
serve  for  the  determination  of  larger  and  smaller  quantities  of  car- 
bonic acid  respectively.  1  e.  e.  of  the  stronger  corresponds  to 
about  3  mgrm.  carbonic  acid,  of  the  weaker  1  c.  c  corresponds  to 
about  1  mgrm.f 

The  oxalic  acid  solntion  which  serves  for  standardizing  the 
baryta  water  contains  2-8636  grm.  cryst.  oxalic  acid  in  1  litre. 
1  c.  c.  corresponds  to  1  mgrm.  carbonic  add.  The  baryta  water  is 
standardized  as  follows :— Transfer  30  c.  c  of  it  to  a  fiask,  and  then 
run  in  the  oxalic  acid  from  a  Hohb's  burette  with  float ;  shake 
the  flaid  from  time  to  time,  closing  the  month  of  the  flask  with 
the  thumb.    The  vanishing  point  of  the  alkaline  reaction  is  ascer- 

*  The  barium  bfdroxide  must  be  entirely  free  from  caustic  potaah,  aud  soda, 
the  smallest  quantities  of  wblch  render  the  volume Irii;  estlmatian  In  the  presence 
of  barium  carbouate  impoaslble,  since  the  normal  alkali  oxalates  decompose  the 
alkali-earth  carbonates.  When  a  trace  even  ot  barium  carbonate  is  suspended 
in  the  fluid — aud  this  Is  always  the  case  when  a  baryta  water  which  lins  been 
used  for  the  absorption  of  carbonic  acid  Is  not  filtered — the  reactioa  continues 
alkaline  If  the  smallest  trace  of  potash  or  soda  is  present,  because  the  alkali  oxa- 
late formed  immediateljf  enters  into  decomposition  with  the  barium  carbonate. 
A  fresh  addition  of  oxalic  acid  converts  the  alkali  carbonate  again  into  oxalate, 
and  the  fluid  la  for  a  moment  neutral,  till,  on  shakingwith  air,  tbe  carbonic  add 
escapes,  and  any  barium  carbonate  still  present  converts  tbe  alkali  oxalate  again 
into  carbonate.  To  teat  a  baryta  water  for  caustic  alkali,  determine  the  alkalin- 
ity of  a  perfectly  dear  portion,  aod  then  of  a  portion  that  has  been  mixed  with  a 
little  pure  precipitated  barium  carbonate.  If  you  use  more  oxalic  acid  in  tbe 
second  than  in  the  flrst  experiment,  caustic  alkali  is  present,  and  some  barium 
chloride  must  be  added  to  tbe  baryta  water  before  It  can  be  used. 

t  [The  baryta  water  is  kept  in  a  bottle  under  a  thin  atratum  of  kerosene 
(HoHB).  It  is  drawn  ofl  through  a  siphon  supported  in  the  stopper,  the  outer 
leg  of  nhicb  is  re<nirved  upwards  and  closed  with  a  bit  of  rubber  tube  and  clip. 
By  having  tbia  leg  of  the  siphon  suflicicntly  long  the  burette  may  be  filled  by 
inaertiag  its  ddivery  end  in  the  rubber  tube  and  opening  both  clips,] 
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tained  with  delicate  turmeric  paper.*  As  soon  as  a  drop  of  tlie 
flaid  placed  on  the  paper  does  itot  give  a  brown  ring,  the  end  l^ 
attained.  If  you  were  obliged,  in  the  first  experiment,  to  take 
out  too  many  drops  for  testing  with  tnrmeric  paper,  consider  tlit^ 
result  a&  only  approximate,  and  make  a  second  experiment,  addio^ 
at  once  tlic  whole  quantity  of  oxalic  acid  to  within  1  or  ^  c.  c  and 
then  beginning  to  test  with  paper.  A  third  experiment  would  Ik 
found  to  agree  with  the  second  to  -ji^  c  c.  The  reaction  is  so  sen- 
eitive  that  all  foreign  alkaline  matter,  particles  of  ash,  tobacw 
smoke,  &<s.,  must  be  carefully  guarded  against. 

/S.  The  actual  Analysis.  TiuB  may  be  efiected  in  two  differ- 
ent ways. 

aa.  Take  a  perfectly  dry  bottle,  of  about  6  litres  capacity,  indi 
well-fitting  ground  glass  stopper,  and  accurately  determine  the 
capacity ;  fill  the  bottle,  by  means  of  a  pair  of  bellows,  with  the 
air  to  be  analyzed ;  add  45  c.  c.  of  the  dilate  standard  baryta  water, 
and  cause  the  baryta  water  to  spread  over  the  inner  surface  of  the 
bottle  by  turning  the  latter  about,  but  without  much  shaking.  In  the 
course  of  about  i  an  hour  the  whole  of  the  carbonic  acid  is  absorbed. 
Pour  the  turbid  baryta  water  into  a  cylinder,  close  secnrely,  and 
allow  to  dopu^it ;  then  take  out,  by  means  of  a  pipette,  30  c.  c.  of 
the  dear  siii^rnutant  fiuid,  run  in  standard  oxalic  acid,  mnltiplv 
the  volume  used  by  1'5  (as  only  30  c  c.  of  the  original  45  are  em- 
ployed in  tills  ex}>erimcut),  and  deduct  the  product  from  tbecc. 
of  oxalic  acid  used  for  45  c.  e,  of  the  fresh  baryta  water ;  the  dif- 
ference represents  the  quantity  of  baryta  converted  into  carbonate, 
and  consequently  the  amount  of  the  carbonic  acid.  If  the  air  is 
unusually  rich  in  carbonic  acid,  the  concentrated  baryta  water  is 
employed. 

bb.  Pass  the  air  through  a  tube  or  through  two  tubes  contain- 
ing measured  quantities  of  standard  baryta  water  and  finish  the 
experiment  as  in  aa.  For  passing  a  definite  quantity  of  air  we 
>(hoDld  generally  employ  an  aspirator  (p.  773) ;  Pettenkofeb  in  his 
experiments  with  the  respiration  apparatus  forced  the  Mr  by  mean? 
of  small  mercurial  pumps  first  through  the  tubes,  and  then  through 
an  apparatus  for  measuring  the  gas.     The  form  and  arrangement 


*  Prepared  witb  lime-free  Swediab  filter  paper  and  tjucture  of  turmeric.  Tbr 
opirit  used  in  making  Hie  tatter  murt  be  tree  from  acid.  Drj  ibe  ptfa  In  ■  dark 
room,  and  keep  it  protected  from  the  light.    It  li  lemon  yellow. 
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of  the  tubes  is  illuatrated  by  tig.  105.  Two  such  tubes  were  useJ ; 
the  first  was  1  metre,  the  second  -3  metres  long;  they  were  filled 
with  baryta  water — the  former  with  the  stronger  solution,  the  lat- 
ter with  the  weaker.  The  air  is  introduced  throngh  the  short 
limbe  of  the  tubes,  and  the  glass  tubes  tbemselves  are  so  iucUned 


Fig.  106. 

that  the  bubbles  of  air  move  on  with  the  nebessary  rapidity  with- 
oat  uniting.  The  motion  of  the  gas  bubbles  keeps  np  a  constant 
mixing  of  the  baryta  water. 


B.   D&TEBumATioy  of  the  Oxtoen  aud  Nitbooeh. 

§223. 

The  method  I  shall  give  is  that  proposed  by  v,  Liebio.*  It  is 
based  upon  the  observation  made  by  Chevbedl  and  Bobebeineb, 
that  pyrogallic  acid,  in  alkaUne  solutions,  has  a  powerful  tendency 
to  absorb  oxygen. 

1.  A  strong  measunng  tube,  holding  30  e.  c.  and  divided  into 
-^  or  ]ig  0.  c,  is  filled  to  J  with  the  air  intended  for  analysis.  The 
remaining  part  of  the  tube  is  filled  with  mercurj',  and  the  tube  is 
inverted  over  that  fluid  in  a  tall  cylinder,  widened  at  the  top. 

2.  The  volume  of  air  confined  is  measured  {§  12).  If  it  is 
intended  to  determine  the  carbonic  acid — which  can  be  done  with 
sufficient  acairacy  only  if  the  quantity  of  the  acid  amonnte  to 
several  per  cents, — tlie  air  is  dried  by  the  introduction  of  a  ball  of  cal- 
cium chloride  before  measuring.    If  it  is  not  intended  to  determine 

<  Aoiud.  d.  CUem.  u.  Pbum.  77, 107. 
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the  ULTbonic acid  thiB  operation  ia  omitted.   Aqnantityof  BolntioDof 
potaesa  of  1-4  sp.  gr^(l  part  of  dry  potasnnra  hydroxide  to  3 
I        parts  of  water),  amounting  to  from  ^V  ***  jV  of  t^^  volnme 
I        of  the  air,  is  then  introduced  into  the  meaenriiig  tube  W 
\j     means  of  a  pipette  with  the  point  bent  upwards  (%.  106 1, 
T       and  spread  overthe  entire  inner  surface  of  the  tube  hysliak- 
I        iug  the  latter ;  when  no  further  dimination  of  Tolome  takes 
V     place,  the  decrease  is  read  oS.    If  the  air  has  been  dried 
Fig.  106.  previously  with  calcium  chloride,  the  diminution  of  tbe 
volume  expresses  exactly  the  amount  of  carbonic  acid  con- 
tained in  the  air ;  but  if  it  has  not  been  dried  with  calcium  chloride, 
the  diminution  in  the  volume  cannot  afford  correct  information  as 
to  the  amonnt  of  the  carbonic  acid,  since  tlie  strong  solution  of 
potassa  absorbs  aqneons  vapor. 

3.  "When  the  carbonic  acid  has  been  removed,  a  solution  of 
pyTOgallic  acid,  containing  1  grm.  of  the  acid*  in  5  or  6  e.  c  of 
water,  is  introduce'' -into  the  same  measuring  tube  by  means  of 
another  i,.'j>ette,  similar  to  .ue  one  used  in  2  (fig.  106);  tiie 
^..«ntity  of  pyrogallic  acid  employed  should  be  half  the  volume  of 
tlie  solution  of  potassa  used  in  2.  The  mixed  fluid  (the  pyrogallie 
ncid  and  solntion  of  potassa)  is  spread  over  the  inner  surface  of  tbu 
tube  by  shaking  the  latter,  and,  when  no  further  diminution  of 
volume  is  observed,  the  residuary  nitrogen  is  measured. 

4.  The  solution  of  pyrogallic  acid  mixing  witli  the  solntion  of 
potnssa  of  course  dilutes  it,  causing  thus  an  error  from  tbe  diminu- 
tion of  its  tension ;  but  this  error  is  so  trifling  that  it  has  no 
a]ipreciable  influence  upon  the  reenlta ;  it  may,  besides,  be  readily 
corrected,  by  introducing  into  the  tube,  after  the  absorption  of  tbe 
oxygen,  a  small  piece  of  hydrate  of  potassa  corresponding  to  the 
amount  of  water  in  the  solution  of  the  pyrogallic  acid. 

5.  There  is  another  source  of  error  in  this  method  ;  vii.,  oB 
account  of  a  portion  of  the  fluid  always  adhering  to  the  inner  sur- 
face of  the  tube,  the  volume  of  the  gas  cannot  be  read  off  willi 
absolute  accuracy.  In  comparative  analyses,  the  influence  of  this 
defect  upon  the  results  may  be  almost  entirely  nentmlizcd,  by 
taking  nearly  equal  volumes  of  air  in  the  several  analyses.t 


•  Liebig  has  deacribed  a  very  adrantageoa!!  method  of  preparinj  pyn^lli-' 
acid.    8ce  Anaal.  d.  Cliem.  ii.  Pliarm.  101,  47. 

t  BUDsen  employs  for  the  abgorption  of  oxj'gcn  a  papier-mAcbE  ball  ssiurak-d 
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6.  NotwithBtaDding  these  sources  of  error,  the  results  obtained 
bj  this  method  &re  very  accurate  and  constaQt.  In  eleven 
analyses  which  v.  Ijebio  reports,  the  greatest  difference  in  the 
amount  of  oxygen  found  was  between  20-75  and  21-03.  The  num- 
berB  given  express  the  actual  and  uncorrected  resnlts. 


[22.  DETECTION  AND  ESTIMATION  OF  ARSENIC  IN 
ORGANIC  MATTEK 


Gadtikk's  Method  sinmlijied  by  Johnson  and  CHrrrENDBN, 


The  following  method  for  tho  detection  and  estimation  of 
arsenic  in  oi^^anic  matter  is  a  modification  of  the  process  recently 
described  by  Gaittieb.*  GAtmsB's  method  consists  in  treating  the 
substence  with  certain  quantities  of  nitric  acid,  and  afterwards  of 
sulphuric  acid,  at  a  high  temperature,  whereby  the  organic  matters 
are  partly  destroyed  and  converted  into  slightly  soluble  humus-like 
bodies,  from  which  all  the  arsenic  may  be  extracted  by  boiling 
water.  Gautier  treats  the  brown  solution  tlms  obtained  witli 
*'  sodium  bi-eulphate,  throws  down  the  arsenic  in  the  state  of  sul- 
phide, with  hydrogen  sulphide,  transforms  this  sulphide  into  arsenic 
acid  by  known  means,"  treats  the  solution  thus  obtained  in  tlie 
Harsh  Apparatus,  and  finally  weighs  the  arsenic  in  the  metallic 
state  as  below  deecribed. 

Johnson  and  CnnrENDEN  dispense  with  the  use  of  all  reagents 
but  sulphuric  acid,  nitric  acid,  and  zinc  alloyed  with  a  little  pla- 
tinum, which  are  not  difficult  to  obtain  in  a  state  of  absolnte  free- 
dom from  arsenic,  and  they,  together  with  Donaldson,  have  dem- 
onstrated  that  the  method,  thus  essentially  simplified,  gives  exact 
results.  The  following  account  of  the  process  is  from  a  paper  by 
Chittenden  and  DoNALosoN-t 

with  a  concentrated  alkaline  solution  of  potassium  pyrogallate,  wtiich  he  intro- 
duces Into  the  gaseous  mixture  attached  to  a  platinum  wire.  £7  adopting  this 
proceeding  the  source  of  error  meniioned  in  S  is  avoided.  See  also  Bunell, 
Jour.  Chem.  Boc.  ISeS,  pp.  180, 181. 

•  Bulletin  de  la  SocietS  Chimique,  24,  250. 

f  American  Chemical  Journal,  voL  ii.  p.  386. 
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I.  Keaoentb  and  Apparatts. 


The  reagentfl  reqnirod  are  pure  granakted  ziuc  aUoyed  with  a 
email  quantity  of  platiiiom,  pure  concentrated  nitric  and  gulphoric 
acids,  and  three  dilate  sulphuric  acids  of  increasing  strength,  which, 
for  the  sake  of  coaveuience,  may  be  prepared  in  considerable  quan- 
tities. 

Acid  No.  1.     180  c  c  pure  cone.  H,SO,+1000  c.  c  H.O. 
Acid  No.  2.     260  c  c  pure  cone.  H,SO.-i-1000  c  c  H,0. 
Add  No.  3.     425  c.  c.  pure  cone  11,80.4-1000  c  c  H,0. 
The  form  of  Habsii  apparatus  used  is  shown  by  fig.  107. 
The  fiask,  a  BuNBEir's  wash-bottle  of  200  c.  c.  capacity,  is  pro- 


Fig.  107. 
Tided  with  a  small  separating  funnel  of  65  c.  c.  capacity, 
'with  glass  stopcock.  This  is  a  very  material  aid  to  the 
obtaining  of  a  slow  and  even  evolntion  of  gas,  and  is  nearly 
indispensable  in  accurate  quantitative  work.  The  gas  generated 
is  dried  by  passing  through  a  calcium  chloride  tube,*  and  tb^ 
passes  through  a  tube  of  hard  glass,  heated  to  a  red  heat  by  a  fur- 
nace of  three  BuNSEN  lamps  with  spread  homers,  so  that  a  oontin- 
nous  dame  of  six  inches  is  obtained,  and  with  a  proper  length  ai 

*  OiTO  and  also  Draoendorpp  Tecommend  to  pass  thegas  flrst  nver  fngmatlt 
of  cftustic  potasso.  We  find,  however,  in  accordance  with  DoBsim,  \ht  km. 
sic  is  arrested  bj  caustic  alkali.— S.  W.  J.  and  B.  H.  C. 
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cooled  tube  sot  a  trace  of  arsenic  paeees  by.  Tbe  glass  tube  where 
heated  is  wound  with  a  atrip  of  wire  gauze,  both  ends  being  sup- 
ported upon  the  edges  of  the  lamp  frame,  so  that  the  tube  does  not 
sink  down  when  heated.  The  small  fnmace  is  provided  with  two 
appropriate  side  pieces  of  sheet  metal,  so  that  a  Bt«adj  flame  is 
always  obtained.  When  the  quantity  of  arsenic  is  very  small  the 
tube  is  natm-ally  bo  placed  that  the  mirror  is  deposited  in  the  nar- 
row portion,  but  when  the  arsenic  is  present  to  the  extent  of  "005 
gnu.  the  tnbe  should  be  6  naillimetrcs  in  inner  diameter,  and  so 
arranged  that  fully  two  inches  of  this  large  tabe  are  between  the 
flame  and  the  narrow  portion.  When  the  quantity  of  arsenic  is 
less  the  tube  can  naturally  be  smaller. 


a.  Method Jw  the  com^ilete  extraction  of  arsenic  from  organic 

100  grms  of  the  material  to  he  examined,  cut  into  small  pieces, 
are  placed  in  a  porcelain  casserole  of  600  c  c.  capacity  and  provided 
with  a  stirring  rod  of  stout  glass.  23  c.  c,  of  pure  concentrated 
nitric  acid  are  added,  and  the  dish  placed  on  a  small  air-bath* 
provided  with  a  thermometer  and  a  single  Bchsen  burner.  The 
mixture  is  then  heated  at  150° — 160°  C,  with  occasional  stirring.  At 
first  the  tissue  takes  on  a  yellowish  color,  then  swells  up  somewhat, 
becoming  Anally  quite  thick ;  soon  changes  again,  becoming  liquid, 
and  then  generally  requires  heating  from  1^  to  2  hours,  the  tem- 
perature sometimes  being  raised  to  180°  C. 

At  this  point  the  mass,  being  now  quite  thick  again,  usually 
takes  on  a  deeper  yellow  color  or  orange  shade.  When  this  change 
of  color  is  noticed  the  casserole  is  taken  from  the  bath  and  3  c.  c,  of 
pure  concentrated  sulphuric  acid  added  and  the  mixture  stirred 
vigorously.  The  addition  of  concentrated  sulphuric  acid  to  the 
viscid  residue  rich  in  nitric  acid  and  nitro-com  pounds  naturally 


*  For  ^r-bath  an  ordiaary  flat-buttoniEil  tin  bsBin,  7  incbes  !□  diameter,  8 
inches  deep,  is  ueed  with  a  aover  provided  with  an  opening  S  inches  in  dia- 
meter. This  bath  is  eet  in  an  iron  ring  fustened  to  a.  stout  lamp-stand,  while  the 
end  of  the  thermometer  passes  through  a  smiill  hole  nefiT  the  edge  of  the  cover  a 
lihort  diatonce  into  the  bath,  so  that  Ihe  temperature  can  be  regulated. 
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gives  rise,  eepecially  at  this  teiupemtare,  to  a  consideisble  com- 
motion: the  mass  becomes  hrown,  swells  up,  nitroos  fumes  are 
copiously  evolved,  immediately  followed  by  dense  white  fames  of 
suffocating  odor,  while  the  residue  in  the  dish  is  changed  either  into 
a  dry  carbonaceous  maae  or  a  black,  sticky,  tar-like  mass.  Althongb 
the  oxidation  is  so  powerful,  no  deflagration  takes  place,  and  the 
carbonization  is  efEected  in  this  manner  without  the  volatilization 
of  any  arsenic.  The  casserole  is  again  placed  on  the  bath  and 
heated  for  a  few  minutes  at  180°  C,  then,  while  still  on  the  bath. 
8  c  c.  of  pure  concentrated  nitric  acid  are  added  drop  by  drop  with 
continaal  stirriug,  tlie  object  being  to  destroy  more  coiupletely  the 
organic  matter,  and  at  the  same  time  the  nitric  acid  falling  drop  bv 
drop  on  the  carbonaceous  residue  tends  to  prevent  the  formation  of 
sulphurous  acid  and  the  consequent  formation  of  insoluble  araeni- 
ouB  sulphide. 

After  the  addition  of  the  nitric  acid  the  dish  is  heated  at  200' 
C.  for  fifteen  minutes,  and  when  cold  a  hard  carbonaceous  residue 
is  the  result,  entirely  free  from  nitric  acid.  In  working  with  dif- 
ferent kinds  of  tissue,  slight  deviations  from  the  above  description 
will  frequently  be  observed.  When  much  bony  matter  is  present 
the  last  residue  takes  on  a  somewhat  different  character,  owing  to 
the  presence  of  calcium  sulphate,  and  occasionally  when  the  3  c.  c 
of  sulphuric  acid  are  added  the  oxidation  does  not  at  once  take 
place,  but  requires  a  Uttle  longer  heating  on  the  air-bath.  When 
such  is  the  case  the  mixture  needs  constant  watcliing  in  order  to 
remove  the  dish  from  the  hath  at  the  first  approach  of  the  oxida- 
tion. , 

The  arsenic  now  exists  as  arsenic  acid,  readily  soluble  in 
water.  The  carbonaceous  residue  is  thoroughly  extracted  wiiii 
boiling  water,  and  in  order  to  avoid  all  loss  is  not  previously  pul- 
verized, but  the  casserole  in  which  the  oxidation  took  place  is  filled 
with  water  and  heated  on  the  water-bath  for  several  hours.  The  hard 
mass  soon  softens,  and  by  repeated  treatment  in  this  manner  readilj 
gives  up  all  its  arsenic  to  the  aqueous  solution ;  it  is,  however,  bet- 
ter to  have  the  carbonaceous  residue  in  contact  with  different  po^ 
tions  of  warm  water  for  about  24  hours  to  iuBure  the  complete 
extraction  of  the  arsenic. 

The  reddish-brown  fluid  containing  some  organic  matter  and 
arsenic  acid  is  now  evaporated  on  the  water-bath  to  dryness,  care 
being  taken  that  the  entire  residue  is  finally  obtained  in  one  at- 
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eerole.  Tliia  residue*  of  organic  matter  and  arsenic  is  warmed 
witb  45  c.  c.  of  sntpburic  acid  No.  1,  and  the  clear  Bolution  so 
obtained,  or,  as  more  frequently  happens,  the  fluid  with  organic 
matter  In  suspenfiion,  ia  then  ready  for  introductioD  into  the  Mabsm 
apparatns. 

h.  Method  yor  the  eonveraion  of  aa-eemo  add  into  areenetted 
hydrogen  and  then  into  metallio  a/raenio. 

25-35  grras.  of  granulated  zinc  prerionBly  alloyed  with  a  email 
quantity  of  platinum  are  placed  in  the  generator,  and  everything 
being  in  position,  the  Mabsh  apparatus  ie  filled  with  hydrogen  by  the 
use  of  a  small  quantity  of  acid  No.  1.  After  a  sufficient  time  has 
elapsed  the  gas  is  hghted  at  the  jet  and  the  glass  tube  heated  to  a 
bright  redness.  The  45  c  c  of  acid  No.  1  containing  the  arsenic 
is  then  poured  into  the  separating  funnel,  from  which  it  is  allowed 
to  flow  into  the  generator  at  such  a  rate  that  the  entire  flnid  is 
introduced  in  one  hour  or  one  hour  and  a  half ;  40  c.  c.  of  acid  No. 
2  are  then  poured  into  the  casserole,  to  which  considerable  organic 
matter  asnidly  adheres,  and  theu  transferred  to  the  separating  fun- 
nel and  allowed  to  flow  slowly  into  the  generator,  and  lastly  45  c.  c. 
of  acid  No.  8.  In  this  manner  we  are  sure  to  have  all  of  the 
arsenic  acid  dissolved  and  thus  carried  into  the  generator,  while  at 
the  same  time  the  stronger  acids  Nos.  2  and  8  serve  as  a  rinee  fluid 
and  thereby  prevent  mechanical  loss,  while,  at  the  same  time,  the 
increasing  strength  of  acid  added  counteracts  the  diluting  effect  of 
the  reaction  so  that  the  strength  of  acid  remains  about  the  same 
during  the  entire  process  of  2J  to  3  hours  and  thereby  insures  a 
regular  flow  of  gas.  The  amount  of  time  required  will  vary  with 
the  amount  of  arsenic :  2 — 8  mgrma.  of  arsenic  will  require 
abont  two  to  three  hours  for  the  entire  decomposition,  while  4 — 5 

*  When  the  reddue  left  bj  the  evaporatioD  of  the  water  is  quite  large,  it  Is 
BometimeB  better  to  reoildlzo  it.  This  is  quickly  accomplished  by  adding  a  Few 
cubic  ceatimetreB  of  concentrated  nitric  acid  to  the  contents  of  the  casserole  aod 
lientlngon  the  air-bath  at  ISO'— 180°  C.  until  a  reddish  solution  is  obtained.  Then 
3—5  c.  c.  of  concentrated  sulphuric  acid  are  added  and  the  mixture  heated  at  the 
above  temperature  untU  the  nitric  acid  is  completely  driven  off.  The  thin  black 
fluid  is  then  carefuilj  mlsed  nith  the  requisite  quantity  of  No.  1  acid,  and  intro- 
duced into  the  Marsh  apparatus.  Frequently  quite  a  heavy,  flocculent  precipitate 
soparales  from  the  sulphuric  acid  solution.  Thisdoesnot  interfere,  hut  la  poured, 
tdjp'tber  with  the  fluid,  directly  into  the  receiving  bulb,  which  is  purposely  pro- 
vided witli  a  dellveiy  tube  of  large  calibre. 
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lugriiics.  will  need  porhape  three  to  four  hoars.  Where  tlie 
auioiiiit  of  arBenic  is  small,  only  25  gnns.  of  zlne  are  necdeJ,  uii<I 
but  45  c.  c  of  acid  No.  1, 80  c  c  of  acid  No.  3,  and  30  c.  c.  of  at-i-i 
No.  3  ;  bat  when  i — 5  lugrms.  of  arsenic  are  present  it  Is  better 
to  take  tlie  first  mentioned  quantities  of  zinc  and  acids. 

The  arsenic  being  thuB  collected  as  a  large  or  small  mirror  of 
metal,  the  tube  is  cut  at  a  safe  distance  from  the  mirror,  so  that  a 
tube  of  perhaps  2 — 6  grms.  weight  is  obtained-  This  is  carefiiHv 
weighed  and  then  the  arsenic  removed  by  simple  heating ;  or,  ii 
tlie  arsenic  is  to  be  saved  as  in  a  toxical  case,  dissolved  out  widi 
strong  nitric  acid.  The  tube  is  then  cleaned,  dried,  and  npin 
weighed,  the  difference  giving  the  weight  of  metallic  arsenic,  from 
wliicb  by  a  simple  calculation  tlie  amount  of  arsenioua  oxide  can 
be  obtained.  The  delicacy  of  the  method  is  shown  by  tlie  fact 
that  '00001  grm.  Afl,0,  when  introduced  into  100  grms.  of  beef 
yielded  by  this  method  a  distinct  mirror  of  metallic  arsenic.  In  a 
simdar.  manner  '000001  grm.  As,0,  yielded  a  faint  mirror  of  areenic, 
this  amount  appearing  to  be  the  limit 

In  conducting  these  experiments  with  organic  matter,  after 
the  zinc  is  placed  in  the  generator,  15  drops  of  olive  oil 
are  allowed  to  flow  down  the  side,  and  this  ae  the  fluid  is  intro- 
duced floats  on  top  and  tliereby  prevents  any  troubtesome  frothing. 
The  only  other  thing  to  be  guarded  against  is  the  too  rapid  intro- 
duction of  the  acids,  whereby  loss  as  well  as  frottiing  of  tlie  uux- 
ture  may  ensue,  and  secondly  the  heating  of  tlie  flask  by  the 
diemical  reaction.  If  necessary  this  latter  can  be  prevented  bv 
placing  the  generator  in  a  glass  or  other  disli  so  that  a  stre&m  ui 
cold  water  can  continually  play  about  it,  which  will  keep  the  flatk 
sufficiently  cool  to  prevent  the  formation  of  any  hydrogen  sulphide 
which  might  sometimes  show  itself  in  slight  quantity. 

The  following  results  show  the  accuracy  of  the  method;— 
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The  pnncipal  point  kept  in  view  in  the  selection  of  these  exer- 
cises has  been  that  most  of  them,  and  more  particakrly  the  first, 
ehoald  permit  an  exact  control  of  the  resnlta.  This  is  of  the 
ntmoet  importance  for  students,  since  a  well-gromided  eelf-rehance 
is  among  the  nioet  indispeiiaahle  requidtee  for  a  succeeeful  purauit  of 
quantitative  investigations,  aud  this  is  only  to  be  attained  by  ascet^ 
taining  for  one's  self  how  near  the  results  found  approach  the  truth. 

Now  a  rigoronsly  accurate  control  is  practicable  only  in  the 
analysis  of  pure  salts  of  known  composition,  or  of  mixtures  com- 
posed of  definite  proportions  of  pure  bodies.  Wten  the  student 
has  acquired,  in  the  analysis  of  such  substances,  the  necessary  self- 
reliance,  he  may  proceed  to  the  analysis  of  minerals  or  products  of 
industry  in  which  such  rigorous  control  is  unattainable. 

The  second  point  kept  in  view  in  the  selection  of  these  exer- 
cises has  been  to  make  them  comprise  both  the  more  important 
analytical  methods  and  the  most  important  bodies,  so  as  to  afford 
the  student  the  opportunity  of  acquiring  a  thorough  knowledge  of 
every  branch  of  quantitative  analysis. 

Organic  analysis  oSere  less  variety  than  the  anal}^  of  inor- 
ganic substances ;  the  exercises  relating  to  the  former  branch  are 
therefore  less  numerous  than  those  relating  to  the  latter. 

I  would  advise  the  student  to  analyze  the  same  substance  re- 
peatedly, until  the  results  are  quite  satisfactory.  [It  is  a  good 
habit  always  to  carry  on  together  duplicate  analyses.  It  requires 
but  little  more  time  to  make  two  analyses  than  to  make  one,  and 
the  operator's  experience  is  thus  very  economically  doubled.] 

It  is  by  no  means  necessary  for  the  student  to  go  through  the 
whole  of  these  examples ;  the  time  which  he  may  require  to  attain 
proficiency  in  analysis  depends,  of  course,  upon  his  own  abilities. 
One  may  be  a  good  analyst  without  having  tried  every  method  or 
determined  every  body.  A  few  substances  wdl  analyzed  yield 
more  profit  than  can  be  obtained  from  going  over  many  procopsc,; 
in  a  superficial  manner. 
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Finally,  the  student  is  warned  against  prematurely  attempting 
to  discover  new  methods  ;  he  shonid  wait  until  he  has  attained  a 
good  degree  of  proficiency  in  general  cbemistiy,  and  more  particn- 
iarly  in  practical  analysis. 

EXERCISES. 

A.  8IMPLE  DETERMINATIONS  IN  THE  GRATIMETRIC  WAT,  IN- 
TENDED TO  PERFECT  THE  STUDENT  IN  THE  PRACTICE  OP 
THE  MORE  COMMON  AKALYTICAL  OraiRATIONS. 

[We  give  here,  in  the  first  place,  qnite  full  details  of  all  the 
steps  in  the  estimation  of  chlorine  in  sodiom  chloride,  including 
the  preparation  of  this  salt  in  a  state  of  pnrity.  This,  it  is  hoped, 
will  relieve  mnch  of  the  perplexity  which  the  beginner  ninst  at 
first  experience  in  making  oat  a  scheme  of  operations  from  the 
various  separate  paragraphs  where  the  processes  are  described.  The 
student  should  not  fail,  however,  to  study  carefally  the  chapter  od 
operations  while  carrying  on  the  analysis,  nor  to  ezamine  er^ 
reference, 

1,    SODTUU   CHLOBn>E. 

Preparation.  Sodium  chloride  is  far  less  soluble  in  hvdro- 
chloric  acid  than  in  water.  On  account  of  this  property  the  crude 
product — commou  salt — may  be  purified  from  the  uiagnesiDin 
chloride  and  calcium  sulphate  which  it  contains  as  follows ; — To 
100  c.  c.  of  a  saturated  sohition  add  very  gradually  an  equal  vol- 
ume of  pure  concentrated  hydrochloric  acid.  Drain  the  mass  of 
fine  crystals  which  separate  on  a  funnel,  the  throat  of  which  a 
loosely  closed  with  filter  paper.  "Wash  with  a  small  volume  of 
pure  dilute  hydrochloric  acid,  and  at  last,  in  order  to  test  the  purity 
of  the  product,  allow  5  or  6  c.  c  of  distilled  water  to  paae  throng 
Collect  the  water  that  runs  through  in  a  test  tube  separately,  and  add 
to  it  barium  chloride.  If  no  turbidity  results,  the  sodium  chloride 
is  free  from  sulphates  and  may  be  assumed  to  be  pure  enough  for 
analysis.  Remove  it  from  the  funnel  and  dry  it  in  a  porcelain 
disli.  If  not  free  from  sulphates,  the  product  may  be  subjected  to 
a  repetition  of  the  process.  This,  however,  will  rarely  be  neces- 
sary.* 

»  When  large  quantitlea  of  pure  sodium  chloride  are  required,  it  i»  more 
economical  to  prepare  it  from  a  solution  of  common  salt  by  taiur&ting  the  Mdu- 
tiOD  with  HCl  gas. 
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A  portion*  of  the  salt  thus  obtained  is  heated  in  a  covered  cru- 
cible nntil  it  ceases  to  decrepitate,  but  not  to  fusion,  and  preserved 
in  a  weighing  tube  (like  a  small  test  tube,  but  not  flared  at  the 
moutli)  that  is  closed  with  a  soft,  well-fitting,  and  smooth  cork. 

Ebtthatiok  of  Chlobike. 

1.  Weighing  out  the  svlstance.  The  tube  oontainiDg  the  pre-  ■■ 
pared  salt  is  wiped,  if  need  be,  from  dust.  The  cork  is  taken  ont, 
and  by  means  of  a  bit  of  tliin  paper,  or  a  clean  linen  handkerchief, 
any  particles  of  salt  adhering  to  the  cork,  and  to  tlie  inside  of  the 
tube  as  f  ai-  as  the  cork  reaches,  are  removed.  The  cork  is  replaced, 
and  the  whole  is  weighed  (see  §§  9  and  10),  the  weight  being  imme- 
diately recorded  in  the  note-book.  A  clean  beaker  or  assay-flask, 
of  about  200  c.  c.  capacity,  being  ready,  the  weighing-tube  is  held 
over  it  and  the  cork  carefully  removed.  A  portion  of  substance  is 
allowed  to  fall  in  the  vessel,  and,  the  cork  being  replaced,  the  tube 
is  again  counterpoised.  If  two  to  three  decigrammes  have  been 
emptied,  the  operator  is,  ready  to  proceed.  If  less,  more  should  be 
transferred  from  the  tube  to  the  vessel.  If  more,  or  much  more, 
it  is  better  to  begin  anew,  by  weighing  ofl'  another  portion  into 
another  beaker  or  flask.  In  this  manner  weigh  off  two  portions  in 
separate  vessels,  so  as  to  carry  together  duplicate  analyses.  Now 
affix  a  piece  of  gummed  paper  to  each  vessel,  and  label  them  to 
correspond  with  their  designation  in  the  note-book. 

2.  Solution  <md  precipitation.  Dissolve  the  weighed  portions, 
each  in  about  100  c.  c.  of  cold  distilled  water,  add  a  few  drops  of 
pnre  nitric  acid,  and,  lastly,  clear  solntion  of  silver  nitratef  until 
further  addition  no  longer  produces  a  precipitate. 

Agitate  the  mixture  well,  but  with  care  to  avoid  loss.  This  can 
be  done  by  shaking,  if  a  flask  be  in  use,  or  by  stirring  with  a  glass 
rod,  if  a  beaker  be  employed. 

Set  the  vessel  aside  in  a  dark  place,  covered  with  pajier  or  a 
watch-glass  to  exclude  dust,  and  let  stand  for  about  12  hours,  or 
until  the  precipitate  has  subsided  and  the  liquid  above  it  iaperfecUy 
clear,  then  add  a  drop  of  silver  nitrate  to  make  sure  that  the  pre- 
cipitation is  complete  (if  not  complete,  add  more  solution  of  silver, 
and  let  stand  again  for  some  hours). 

*  Pure  sodium  chloride  b  Deeded  In  other  aDoIyses,  and  ttte  chief  part  of  what 
Is  tbus  prepared  should  he  carefully  hotUed  and  reserved  for  future  use. 

f  Bolution  of  a  silver  coin  in  nitric  acid  answers  for  this  purpose  as  well  M 
pure  nitrate,  provided  it  be  clear  and  contain  but  little  free  acid. 
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3.  FUtraiion.  A  filter  is  placed  io  a  funnel  at  least  \  indi 
deeper  than  itself,  and  moistened  with  water,  at  the  same  time 
being  carefully  pressed  down  bo  that  its  edges  tottch  the  glass  at  all 
points.  The  funsel  being  supported  on  a  stand,  a  clean  beaker  or 
lluek  is  put  beneath  it,  and  the  operator  proceeds  to  pour  theliqniil 
— on  whose  surface  some  particles  of  silver  cliloride  nscallj  float— 
into  the  filter,  leaving  the  bulk  of  the  precipitate  undisturbed.  To 
do  tliis  witboat  loss  tbe  following  precantions  maybe  r^arded:  a. 
Touch  the  edge  or  lip  of  the  vessel  with  a  very  slight  coat  of  taDow  (a 
small  bit  of  which  is  kept  at  hand  under  the  edge  of  the  work- 
table,  and  is  applied  with  the  finger),  h.  Pour  slowly  over  the 
greased  place,  along  a  glass  rod  held  nearly  vertical,  so  directing 
the  stream  tliat  it  shall  strike  against  tbe  aide,  not  into  the  vertex 
of  the  filter,  o.  When  the  filter  is  filled  to  within  \  inch  of  the 
top  discontinue  the  pouring,  bringing  the  rod  into  the  vessel  ood- 
taining  the  precipitate,  after  it  has  drained  so  that  nothing  will  fall 
from  it. 

The  pouring-rod  maj  be  aimply  stniiglit.  and  an  inch  longer  than  iLe  diigo- 
nal  of  tlie  vessel,  or  vrheu  it  U  desirable  not  to  dUtnrb  s  piccipiLate,  it  mav  be 
S-~4  inches  long  and  bent  siphon  fashion  so  as  to  hang  on  the  edge  of  a  bokn 
or  flask.  In  either  cose  its  end  should  bo  rounded  by  fuaioo,  and  those  ponJnu 
along  which  the  liquid  flows  must  not  be  handled. 

The  vessel  containing  tbe  precipitate,  as  well  as  that  which 
receives  the  filtrate,  and  likewise  tlie  funnel,  should  be  kept  eotxnd 
ae  much  as  possible  in  all  cases  when  nicety  is  required,  to  prevent 
access  of  dust,  insects,  &c. 

The  most  convenient  covers  are  large  watch-glasses,  but  square  {dates  of 
glass,  or  even  cards,  will  geuerally  answer. 

The  filtration  of  silver  chloride  should  he  conducted  without 
exposing  it  to  strong  light,  whereby  it  is  blackened,  with  loss  of 
clilorine,  p.  168. 

4.  When  all,  or  nearly  all,  the  liquid  has  passed  the  filler,  it 
remains  to  wash  and  to  transfer  the  precipitate. 

These  operations  may  be  carried  on  as  follows :  pour  about  IW 
c.c.  of  cold  distilled  water  upon  the  precipitate,  which  moetly 
remains  in  the  vessel  where  it  was  formed,  and  a^ntate  vigoronslj, 
in  order  to  break  up  and  divide  the  Inmpy  silver  chloride,  and  bring 
every  part  of  it  perfectly  in  contact  with  tbe  water. 
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When  in  a  beaker,  the  agitalion  must  be  made  with  grcnt  caution,  by  means 
of  a  glass  Btirring-rod;  wbec  in  a  narrow- mouthed  flanged  flask,  this  maybe 
tightly  cloeed  by  a  perfectly  smooth  cork  (softened  for  [he  purpose  by  squeezing) 
and  then  shakeo  Yioleutly. 

The  water  and  precipitate  are  now  poui-ed  together  upon  the 
filter,  with  the  precatitions  before  detailed.  The  last  portions  of  the 
precipitate  are  removed  from  the  beaker  or  flask  by  repeated  rins- 
ingB,  in  which  a  wash-bottle  like  fig.  36,  p.  81,  may  be  conveniently 
employed. 

Any  portions  of  precipitate  that  adhere  to  the  sides  of  the  ves- 
ael  too  strongly  to  be  removed  by  a  stream  from  the  wash-bottle 
must  be  rubbed  off.     For  this  purpose  the  feather  is  employed. 

It  is  made  from  a  goose-quill,  by  cutting  ofl  the  extreme  tip  for  an  inch  or 
ao,  and  smoothly  trimming  away  the  beard,  except  a  portion  of  one  half -inch  \a 
length  on  the  ia«ide  of  the  curve.  The  tubular  part  may  be  removed  or  not, 
to  suit  the  depth  of  the  dish  which  is  to  be  washed. 

The  dish  being  wiped  dean,  externally,  a  little  water  is  put  in  it, 
and,  it  being  held  ap  to  the  light,  its  whole  interior  snrface  is  gently 
mbbed  with  the  feather,  then  rinsed,  mbbed  again  and  rinsed,  so 
long  as  careful  inspection  discovers  any  portions  of  adhering  pre- 
cipitate ;  finally,  the  feather  is  rinsed  in  a  stream  of  water,  the 
rinsings  in  each  case  being  poured  upon  the  filter. 

The  washing  is  now  continned  by  help  of  the  wash-bottle.  A 
jet  of  cold  water  is  directed,  first,  upon  the  interior  of  the  funnel, 
joBt  above  the  filter,  then  upon  the  edge  of  the  filter  itself.  If 
thrown  immediately  against  the  paper,  this  is  liable  to  be  perfo- 
rated. The  streatn  of  water  is  carried  around  the  edge  of  the  filter 
until  the  latter  is  nearly  full,  and  the  liquid  is  then  allowed  to  drain 
oflE.  This  process  is  repeated  until  a  portion  of  the  wash-water, 
collected  to  the  depth  of  an  inch  in  a  test  tube  containing  a  drop 
of  hydrochloric  acid,  gives  no  turbidity  of  silver  chloride.  When 
this  is  accomplished,  the  precipitate  is  washed  down  into  the  ver- 
tex of  the  filter.  The  funnel  is  then  closely  covered  with  paper 
(p.  85),  labelled,  allowed  to  drain  thoroughly,  and  set  away  in  a 
warm  place  for  drying. 

6.  Jurying  theJUier.  In  pubfio  laboratories  a  heated  closet  is 
usually  provided  for  diying  filters.  Its  temperature  should  not 
exceed  100"  0,  In  default  of  such  special  arrangement,  the  dry- 
ing may  be  effected  over  the  register  of  a  hot-air  furnace,  or  over  a 
common  stove  or  kitchen  range. 
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The  fnnnel  may  also  be  supported  on  a  retort-stand  over  a  ehexi 
of  iron,  whicli  is  heated  beneath  hy  a  lamp,  or  may  be  placed  at 
once  in  the  water-hath.    See  §  60. 

6.  When  the  precipitate  is  perfectly  dry  we  proceed  to  ignite 
it  for  weighing. 

A  small  poreoluD  cmcible  (platinum  most  not  be  used)  is 
cleaned,  gently  igoited,  and  when  cool  (after  15 — 20  minntes) 
weighed. 

The  work-table  being  clean,  two  small  sheets  of  fine  and  smooth 
writing  or  glazed  paper  are  opened  and  laid  down  side  by  Bitle. 
The  filter  ig  removed  from  the  fannel  and  carefully  inverted  upon 
one  of  the  papers.  The  precipitate  is  loosened  from  the  filter  by 
squeezing  and  rubbing  gently  between  the  fingen,  and  when  it  has 
mostly  separated  the  filter  is  lifted,  reversed,  and  any  portions  of 
silver  chloride  still  adhering  are  loosened  by  mbbing  its  sides 
tc^ther.  What  is  thus  detached  is  poured  or  shaken  out  on  the 
paper. 

The  filter  is  now  spread  oat  as  a  half -circle  upon  the  other  sheet 
of  paper,  and,  beginning  with  the  straight  edge,  is  folded  up  into 
a  narrow  flattened  roll,  the  two  ends  of  which  are  then  bron^t 
together.  In  this  way  those  central  portiouB  of  the  filter  to 
which  particles  of  precipitate  adhere  are  thoroughly  enveloped  by 
the  exterior  parts,  bo  that  in  the  subsequent  burning  nothing  can 
easily  escape. 

The  crucible  being  placed  on  the  glazed  paper,  the  filter  is 
taken  by  the  two  free  ends  in  a  clean  pmcers  or  tongs,  pat  to  the 
fiame  of  a  lamp  to  set  it  on  fire,  and  than  held  over  the  crucible 
until  it  is  completely  charred.  It  is  then  dropped  into  the  crucible 
and  moistened  with  two  or  three  drops  of  nitric  acid.  The  cmri- 
ble  is  covered  and  placed  over  a  low  fiame  until  its  contents  are  dir ; 
it  .is  then  heated  somewhat  stronger,  whereby  the  carbon  is  nearly 
or  entirely  consumed. 

The  crucible  being  allowed  to  cool,  one  more  drop  of  nitric 
acid,  and  afterwards  a  drop  of  hydrochloric  acid,  is  added  to  the 
residue,  and  it  is  heated  cautiously,  without  the  cover,  until  fumea 
cease  to  escape.  This  treatment  with  nitric  acid  serves  to  destroy 
carbon  and  convert  any  reduced  silver  to  nitrate,  which  the  hydro- 
chloric acid  in  tnm  transforms  into  chloride.  Wheo  the  crucible 
is  cool,  it  is  placed  again  on  the  paper,  and  the  precipitate  is  poured 
.into  it  from  the  jstber  sheet,  the  last  particles  being  detached  by 
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caotiooB  tapping  with  the  fingers  nnderaeath,  or  by  the  aee  of  a 
clean  camel's-hair  pencil. 

The  crucible  is  now  pat  over  a  low  flame  and  heated  cantionaly 
until  the  silver  chloride  begins  to  f  nse  on  the  edges.  It  is  then 
covered  and  let  cool.  When  cold  it  is  weighed.  Bead  §  115,  1, 
and  the  references  there  made. 

7.  Record  and  calculaiion  of  reanlte.  The  amonnt  of  silver 
chloride  is  learned  by  snbtracting  from  the  total  the  joint  weight 
of  the  crucible  and  filter-ash.  The  quantity  of  chlorin?  is  obtained 
by  multiplying  the  amount  of  silver  chloride  by  the  decimal  0'2473. 
In  order  to  compare  resnlto  they  are  reduced  to  per  cent.  statementB 
by  the  following  proportion  : 

Snbetance  :  chlorine  in  substance  : :  100  :  chlorine  in  100;  i.e. 
per  cent. 

The  record  may  be  made  as  followH:  It  is  well  to  work  ont  tbe  calculaUoDs 
in  full  m  the  weigbtbook,  as  in  case  of  mistake  Uie  data  are  at  hand  for  revision. 

No.  J.  No.  !. 

NaCl  and  tube 6  615  e'180 

"    —substance 6180  8-765 

Substance 485  *415 

Crucible,  AgCl  and  Ash 158680  14'83T0 

Cr 14-298   Kj.mioii  18809   )  .o-'oins 

Ash -0015  t"*^  flOlOr^^^''^ 

AgCl 1-0686  10166 

0  2478  0-S47S 

81905  80496 

74445  71156 

4S640  40660 

21270  20880 

CI =    36800856  35188045 

-486)  26800896  (6046  '415)  26188046  (6067 


Chlorine 60  46  6067  60-62 

We  have  here  employed  the  simplest  arithmetical  calculation.    It  is  welt  to 

duplicate  the  calculation  with  help  of  itie  tables  given  in  the  Appendix. 

The  first  detennination  given  above  is  not  only  fair  for  this  method,  but 

answers  all  ordinary  purposes.    The  second  is  very  good,  though  with  care  still 

closer  accordance  with  theory  can  be  easily  attained.] 
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2.  Ibon. 

Procure  10 — 15  grmg,  of  fine  bright  punoforte  wire,  cnt  it  into 
lengths  of  aboat  0*3  grm.  and  keep  it  free  from  nist  in  a  dry  bottle. 

Weigh,  on  a  watch-glasa,  for  each  estimation,  abont  0*3  gm. 
of  wire,  and  dissolve  in  hydrochloric  acid,  with  additi<»t  of  nitnc 
acid.    The  acids  are  diluted  with  a  httle  water. 

The  Bolntifm  is  effected  hj  heating  in  a  moderate'«zed  beaks 
covered  with  a  watch-gtass.  When  oomplete  solnticm  hu  msoed, 
sod  the  color  of  the  fluid  shows  that  all  the  iron  is  diesolved  as 
ferrio  chloride  (if  this  is  not  the  case  some  more  nitric  add  moEt 
be  added),  rinse  the  watch-glass,  dilute  the  fluid  to  abont  150  cc^ 
heat  to  incipient  ebullition,  add  ammonia  in  moderate  eioea, 
niter  through  a  filter  exhansted  with  hydrochloric  add,  &e. 
(Comp.  §  113,  1,  a.)  If  Bdnsbn's  filtering  apparatos  is  employed, 
proceed  as  described  on  p.  97. 

As  the  ferric  oxide  gMierally  contains  a  small  quantity  of  nHn 
partially  arising  from  the  silicon  in  the  wire,  partially  takra  up 
from  Uie  glass  vessels),  after  it  is  weighed,  digest  with  fuming 
liydrochloric  acid  for  some  hours ;  when  the  ferric  oxide  is  all 
dissolved,  dilute,  collect  the  silica  on  a  small  filter,  ignite  and 
weigh.    The  weight  is  the  silica  +  the  aslies  of  both  filters. 

The  records  are  made  as  follows : — 

Watch-glass  +  iron 10-3192 

"  empty 9-9750 

Iron -3443 

Crucible  -f-  ferric  oxide  +  silica  +  filter  ash.  17-0703 
"       empty 16-5761 

■4949 
Ash  of  large  filter -0008 

Ferric  oxide  +  silica -4934 

Crucible  -|-  silica  +  ashes  of  both  filters 16-5S09 

"         empty 16-576! 

-0048 
Ashes  of  the  filtere -0014 

Silica •0084 

•4934  —  -0034  =  -4900  ferric  oxide  =  -343  iron 
whicli  gives  99*65  per  cent. 
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3.  Lead  Acftate. 


Determination  of  Lead. — Triturate  tlie  dry  and  non-effloresced 
crystalfl*  in  a  porcelain  mortar,  and  press  the  powder  between 
Bheete  of  blotting  paper  until  fresh  sheets  are  no  longer  moistened 
by  it. 

a.  Weigh  abont  1  gnn.,  dissolve  in  water,  with  addition  of  a 
few  drops  of  acetic  acid,  and  proceed  exactly  as  directed  §  116, 1,  a. 

b.  Weigh  about  lgrm.,and  proceed  exactly  as  directed  §116,4.' 


PbO    .    . 

.    .    .      223-00 
.     .     .      102-00 
.     .     .        64-00 

58-84 
26-91 
14-26 

879-00 

100-00 

4.  Potash  Alim. 

Determmation  of  Ahiminivm,. — Press  pure  triturated  potash 
alum  between  sheets  of  blotting  paper ;  weigh  off  about  2  grni., 
dlBsolve  in  water,  and  determine  ainmiuinm  as  directed  p.  241,  a. 

K,0 94-26  9-93 

A1.0 103-00  10-85 

4S0. 820-00  83-71 

S4H,0      ....  432-00  45-51 

949-26  100-00 


6.  Potassium  DichkoKatb. 

DetermintiiionofChroTnicAGid. — Fuse  pure  potassinm  dichro- 
mate  at  a  gelitle  heat,  weigh  off  -4 — -6  grm.,  dissolve  in  water, 
reduce  with  hydrochloric  acid  and  alcohol,  and  proceed  as  directed 
§  130, 1.,  a,  a. 

K,0 94-26  81-93 

2CrO,       ....     200-96  68-07 


*  Obtained  bj  dlssoMog  the  pulveriEed  commercial  lalt  in  hot  water  nearly 
to  saturation,  filtering,  adding  ft  drop  or  two  of  acetic  acid  to  the  (olution,  and 
slowly  CTtipcrating  to  ctyatallization. 
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6.  AsBENioue  Oxide. 
Dissolve  aboat  0'2  grm.  pure  arsenioiu  oxide  in  small  Inmpe  in 
a  middle-sized  flask,  with  a  glass  stopper,  in  some  solution  of  soda, 
bj  digesting  on  the  water-bath ;  dilate  witli  a  little  water,  add 
hydrochloric  acid  in  excess,  and  then  nearly  till  the  flask  with  clesi 
hydrogen  sulphide  water.  Insert  the  stopper  and  shake.  If  the 
Iiydrogen  sulphide  Is  present  in  exuess,  the  precipitation  is  tenui- 
nated ;  if  not,  conduct  an  excess  of  hydrogen  sulphide  gas  into  tlie 
fluid ;  proceed  in  all  other  respects  exactly  as  directed  §  127,  4. 

As, 160  76-76 

0 48  24-24 


B.  COMPLETE  ANALYSIS  OF  SALTS  IN  THE  aRAVIMETRIC  WAT: 
CALCULATION  OP  THE  PORMDLE  PROM  THE  RESULTS  OB 
TALKED  (see  "  CalculatioQ  of  Analyses,"  in  the  Appeodii). 

7.  Calcicu  Cabbonate.* 
Heat  pare  calcium  carbonate  in  powder  (no  matter  whether 
Iceland  spar  or  the  artificially  prepared  substance,  see  "QiuL 
Anal.,"  Am.  Ed.,  p.  87)  gently  in  a  platinum  crucible. 

a.  Determination  of  Calcium. — Dissolve  in  a  covered  beaker 
about  1  grm.  in  dilute  hydrochloric  acid,  heat  gently  until  the 
carbonic  acid  is  completely  expelled,  and  determine  calcium  as 
directed  §  103,  2,  J,  a. 

b.  Determination  of  Carbomo  Add. — Determine  in  about  O-S 
gnn.  the  carbonic  acid  after  §  1S9,  II.,  e. 

CaO 66  56-00 

CO, 44  44(H> 

100  100-00 

8.   CUPBIO  SuU^ATK-t 
Triturate  the  pore  crystals  J  in  a  porcelain  mortar,  and  diy  u 
directed  p.  47,  a. 

*Ca<^>CO.  tCu<Q>BO,  +  6H,0. 

}  [Boil  a  solution  of  commercial  blue  vitriol  with  a  little  pure  blnoiids  of 
lead  to  oxidize  the  iroa.  then  with  a  little  barium  carboDate  lo  predpiuie  it. 
Alter  and  ct^ataliize.— H.  Wubtz,  Am.  Jour.  (3),  XXVI.  867.] 
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a.  Ddtermdnation  of  Waier  of  Cn/staliisation. — 1.  "Weigh  off 
in  a  cmcible  1 — 2  grm.  of  the  salt,  and,  having  first  heated  the  air- 
bath  (fig.  22,  p.  S2)  so  that  the  thenuometer  BtAnde  steadily  at 
1 20° — 140°,  introdace  the  cmcible,  uncovered,  and  maintain  tlie 
heat  for  two  hours.  Then  cool  the  crucible  in  a  desiccator  and 
weigh.  Heat  again  as  before,  for  an  hour,  and  weigh.  If  need  be, 
repeat  the  heating  until  no  more  lose  occurs.  The  loss  expresses 
the  amount  of  water  expelled  at  the  temperature  of  140°,  or  four 
molecules.  2.  Raise  the  temperature  of  the  air-bath  to  between 
250° — 260°  and  proceed  aa  before.  The  lose  is  the  one  molecule 
of  strongly  combined  water  of  crystallization,  or,  as  some  term  it, 
water  of  halhydraiion. 

h.  Determination  of  Sulphuric  Acid. — In  another  portion  of 
the  copper  sulphate  (about  1*5  grm.)  determine  the  sulphuric  acid 
according  to  §  133,  I,,  1. 

d.  Deierminatum.  of  Copper. — ^In  about  1-5  grm.  determine 
the  copper  as  cuprous  sulphide,  as  directed  g  119,  3,  a. 

OuO 79-40  81-83 

SO, 80-00  32-08 

HX) 18-00  7-22 

4,HO 72-00  28.87 

249-40  100-00 

9.  Cbtstallized  Htdboosn  Sodium  Phosphate.* 

a.  Zfetermination   of  the    Waier   of  OryataUizaUon.  —  Heat 

about  1  grm.  of  the  pure  unefBoresced  salt  in  a  platinum  crucible, 

slowly  and  moderately,  first  in  the  water-bath,  then  in  the  air-bath, 

«  and  finally  some  (Setance  above  the  lamp  (not  to  visible  redness) ; 

the  loss  of  weight  gives  the  amount  of  water  of  crystallization. 

h.  Betermijiation  of  the  Hydrogen,  in  the  Anhydrous  Salt. — 
Ignite  the  residue  of  a.     The  loss  is  water. 
c.  Determination  of  Phosphoric  Add. 

a.  Treat  1-5 — 2  grm.  of  the  salt  as  directed  §  134,  J,  a. 
A  Treat  about  0*2  grm.  of  the  salt  as  directed  %  134,  h,  fi. 
I  recommend  the  stadent  to  perform  the  determination  by  eacli 
of  these  methods,  as  they  are  both  in  common  use  in  the  analytical 
laboratory. 

•HO   --^ 
NaO  -^  PO  +  13H.0. 
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d.  Determination  of  Sodium. — Treat  about  1*5  grm.  of  Uie 
Bait  according  to  §  135,  a,  a.  After  the  excess  of  lead  has  beat 
separated  with  hydrt^^  aalphide,  the  fluid  is  to  be  evaporated  to 
drj'nesa  and  weighed  id  a  platiaam  dish;  comp.  §  69,  &,  ud 
§  98,  3. 

P.O. 142-00  19-83 

2Na,0 124-16  17-34 

H.O       18-00  2-61 

24H,0 432-00  60-32 

716-16,  100-00 

10.    SiLTEB   ChLORIDK. 

Ignite  pure  fused  silver  diloride  in  a  stream  of  pure  diy  hjdro- 
gen  till  complete  decomposition  is  effected,  and  weigh  the  silver 
obtained.  The  ignition  may  be  performed  in  a  light  btilb  tube,  or 
in  a  porcelain  boat  in  a  glass  tube,  or  in  a  porcelain  crucible  with 
perforated  cover  (§  115,  4). 

The  chlorine  may  be  in  this  case  estimated  by  difference;  if 
you  want  ft  determine  it  directly,  proceed  aa  directed  §  141,  IL,  & 
.    .     .    107-93  75-27 

.    .    .      35-46  24-73 

143-39  100-00 


^; 


11.  Mebcukio  Sulphide. 

Eeduce  to  a  fine  powder,  and  dry  at  100°. 

a.  Deiennination,  6f  Sulphur. — Treat  about  0"5  grm,,  ts 
directed  §  148,  0,  p.  466,  using  nitric  acid  and  potassium  chlotate. 
Precipitate  with  barium  chloride,  and  after  decanting  the  clear 
liquid  into  a  filter,  boil  the  barium  sulphate  twice  with  dilute 
solution  of  ammonium  acetate  and  finally  wash  with  hot  water. 

h.  Determination  of  Mercury. — Dissolve  about  05  grm.  as 
before,  dilute,  and  allow  to  stand  in  a  moderately  warm  place 
nntil  the  smell  of  chlorine  has  nearly  gone  off;  filter  if  neceEsair, 
add  ammonia  in  excess,  heat  gently  for  some  time,  add  hydro- 
chloric acid  nntil  the  white  precipitate  of  merenric  chloride  ««J 
amide  of  mercury  is  rediasolved,  and  treat  the  solution,  which  aov 
no  longer  smells  of  chlorine,  as  directed  %  118,  3. 

Hg 20000  86-21 

S 32-00  13-79 
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12.  Cbystallized  Caloidh  Sclphatb.* 

Select  clean  and  pure  cystala  of  selenite,  triturate  to  a  coarse 
powder,  avoiding  as  much  as  possible  exposure  to  the  air,  and  coik 
up  in  a  weighing  tube. 

a.  Determmaiion  of  Water. — After  §  35,  a,  a. 

b.  DetermmaHon  of  Sidphuric  Add  and  Calcium  (§  132, 
n.,  J,  a). 

CaO 56  32-56 

SO, 80  46-51 

3H,0 36  20-98 

173  100-00 


C.  SEPARATION  OP  TWO  BASIC  OB  TWO  ACID  RADICALS  FEOM 
EACH  OTHER,  AND  DETERJDNATIONB  IH  THE  VOLUMETRIC 
WAT. 

13.    SsFABATIOH  OF   IbON   FBOIC   MaNOAIIB8B. 

Dieeolve  in  h7drochloric  add  about  0*3  grm.  fine  pianoforte 
wire,  and  about  the  same  quantity  of  ignited  protoeesquioxide  of 
manganese  (prepared  ae  directed  %  100,  1,  a) ;  heat  with  a  little 
nitric  add,  and  separate  the  two  metale  by  means  of  sodium  acetate 
(p.  517).     Petemiiue  the  manganese  as  directed  g  109,  3. 


14.  ToLCMirraio  Deteekinatioh  of  Ieoh  bt  Sonmos  o» 
Potassium  Fbbhanoanatb. 

a.  OraduaUon  of  the  Soltttion  of  Potasmtm  Permam^ 


a.  By  metallic  iron  (fine  piano  wire)  diaBolved  in  dilute  sul- 
phnric  add  (p.  368). 

/?.  By  ammonium  oxalate  (p.  370). 

i.  Determmation  of  Iron  m  Ammotmtm  Ferrovx  Std- 
p?uUe. 
In  solution  acidified  with  sulphuric  add  (p.  272,  /!). 
The  formula  requires  18-37  per  cent,  of  FeO. 

•C»<S>80,+8H,0. 
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c.  Determination  of  the  Iron  hi  a  Lijnontte, 
Powder  finely,  dry  at  100°,  weigh  off  2  gnn,,  heat  witli  strong 
hydrocliloric  acid  till  the  ferric  oxide  is  completely  dissolved,  diliirc 
the  acid  solution  with  twice  its  volume  of  water,  filter,  evaporati; 
with  snlphnric  acid,  dilute  the  ferric  enlphate  to  50U  <^<^,  and  in 
two  or  three  portions  of  100  cc.  each  reduce  ferric  to  ferroof 
sulphate,  and  determine  iron  ae  directed  in  §  113,  a,  p.  278. 

15.  VoLDHBTBio  Dbtebuinatioh  OF  Iboh  witb  Sodium 

TH108CI.FBATE. 

a.  Graduation  qf  the  Solution  of  Sodium  ThiosulphtUe. 

a.  By  solution  of  ferric  chloride  (p.  280). 

p.  By  ammonia-iron-alum  (p.  119).      2  grms.  to  be  weired 
oS,  diBfiolyed  in  water  with  addidon  of  hydrochloric  acid. 
h.  Determination  of  Iron  in  Limoniie. 

Decompose  2  to  3  gnns.  with  concentrated  hydrochloric  add. 
Transfer  to  a  dOO  c.c.  flask,  mix  well  the  solution  diluted  to 
500  cc,  and  determine  repeatedly  iron  in  portions  of  100  cc. 
each,  after  §  113, 3,  h.  (If  the  ore  contains  feirous  iron,  oxidize  the 
hydrochloric  acid  solution  with  potassium  clilorate,  avoiding  need- 
less excess,  and  concentrate  it  one  half  to  remove  ezcees  of  chlorine. 
See  §  112,  1,  p.  266.) 

16.  Detekhination  of  Nrrsio  Acid  in  Potassick  NrrKATK 

Heat  pure  nitre,  not  to  fusion,  and  transfer  it  to  a  tube  provided 
with  a  cork. 

Treat  05  gnu.  as  directed  p.  473,  p. 

K.O 94-26  46-59 

N.O, 108-08  63-41 

202-34  lOO^K) 

17.  Separation  of  Maqkesicu  fboh  Sodiuk. 
Dissolve  about  0*4  grm.  pure  recently  ignited  magnesia  and 
about  0-5  grm.  pure  well-dried  sodium  chloride  in  dilute  hydro- 
chloric add  (avoiding  a  large  excess),  and  separate  by  one  of  die 
methods  described  in  §  153,  4. 
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18.  Sepabation  of  Potassium  fbom  Sodich. 
Tritarate  ciyetallized  sodintn  potaesium  tartrate  (Rochelle  salt), 
press  between  blotting  paper,  weigh  off  about  1-5  grra.,  heat  in  a 
platinum  cracible,  gently  at  fIrBt,  then  for  Bome  time  to  gentle 
ignition.  The  carbonaceous  residue  is  first  extracted  with  water, 
finally  with  dilute  hydrochloric  acid,  the  acid  fluid  is  evaporated  in 
a  weighed  platinum  dish,  and  the  chlorides  are  weighed  together 
{§  97,  2).  Then  separate  them  by  platinic  chloride  (p.  481, 1),  and 
calculate  from  the  results  the  quantities  of  soda  and  potasea  sever- 
ally contained  in  the  Rochelle  salt. 

K,0 94-26  16-70 

Na,0 62-08  11-00 

0,H,0 264-00  46-78 

8H,0 144-00  25-52 

564-34  100-00 

19.   TOLDUBTBIC  DbTEBUINATIOH  OP    CHLOBmE   IK    CSLOBIDES. 

a.  preparation  and  examination  of  the  solution  of  silver  nitrate 
(§  141,  I.,  J,  a). 

h.  Indirect  determination  of  the  sodium  and  potassium  in 
Rochelle  salt,  by  volnmetrio  estimation  of  the  chlorine  in  the 
alkali  chlorides  prepared  as  in  No.  18,  For  calculation,  see  "  Cal- 
culation of  Analyses,"  in  the  Appendix. 

20.    AcnUHBTBT. 

a.  Preparation  of  standard  acid  and  alkali  solutions.  Sulphuric 
acid  and  potash,  or  hydrochloric  acid  and  ammonia  may  be  need 
(§  192). 

b.  Determination  of  acid  in  hydrochloric  acid,  by  the  specific 
gravity  (p.  677). 

c.  Determination  of  acid  in  the  same  hydrocliloric  acid,  by  an 
alkaline  fluid  of  known  strength  (p.  684). 

d.  Determination  of  acid  in  colored  vinegar,  by  saturation  with 
a  standard  alkaline  solution.    (Application  of  test-papers,  p.  684). 

21.  Alealimetbt. 
a.  Preparation  of  the  normal  acid  after  Dbbgboizillsb  and 
Gay-Lcbbac  (§  195). 
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b.  Valuation  of  a.  aoda-ash  after  expulsion  of  the  water  by  gentle 
ignition. 

a.  After  Desckoizilles  and  6at-Lubsac  (§  195). 
/J.  After  MoHB  (§  196). 

22.  Detesounation  op  AvHoititrH. 
Treat  about  0*8  grm.  chloride  of  ammonium  as  directed  §  99, 


NH,   .  .  18-04  .  .  88-72         NH.   .  .  .  17-04  .  .  31-85 
CI     .  .  .  35-46  .  .  66-28  HCl    .  .  .  36-46  .  .  68-15 

53-50       100-00  53-50       lOO-OO 


23.  Analysis  of  Bbabs. 

Braes  consists  of  from  25  to  35  per  cent,  of  zinc  and  from  75  to 
65  per  cent,  of  copper.  It  also  contains  nsually  small  qaantitieE  of 
tin  and  lead,  and  occasionally  traces  of  iron. 

Dissolve  about  2  grm.  in  nitric  acid,  evaporate  on  tbe  water- 
bath  to  dryness,  moisten  the  residue  with  nitric  acid,  add  GOtne 
water,  vann,  dilute  still  further,  and  filter  off  any  residoal  meta- 
etannic  acid  (§  126,  1,  a).  Add  to  the  filtrate,  or,  if  the  qnantitv 
of  tin  is  very  inconsiderable,  directly  to  the  solution,  about  20  c.c. 
dilute  snlphuric  acid ;  evaporate  to  dryness  on  the  water-bath,  add 
50  C.C.  water,  and  apply  heat.  If  a  residue  remains  (lead  £iil- 
phate),  filter  it  off,  and  treat  it  as  directed  §  116,  3.  In  iiie  filtnle, 
separate  the  copper  from  the  zinc  by  sodium  thioeulphate  (p.  5K'i- 
If  the  quantity  of  iron  present  can  be  determiaed,  detemune  it  in 
the  weighed  oxide  of  zinc  (§  160). 

24.  Analysis  of  Soldeb  (Tih  and  Lead). 

Introduce  about  1-5  grm.  of  the  alloy,  cut  into  small  pie«s, 
into  a  flask,  treat  it  with  nitric  acid,  and  proceed  as  directed  p.  SS9, 
to  effect  the  separation  and  estimation  of  the  tin. 

Mix  the  filtrate  in  a  porcelain  dish  with  pure  dilute  sulphuric 
acid,  evaporate  the  nitric  acid  on  the  water-bath,  and  proceed  with 
the  lead  sulphate  obtained  as  directed  §  116,  3.     Test  the  ftniil 
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filtered  from  tbe  lead  Bulphate  with  hydrogen  eolphide  aod  ammo- 
niam  snlphide  for  the  other  metals  which  the  alloy  might  contain 
bedidee  tin  and  lead.  The  stannic  oxide  may  contain  small  qnan- 
tities  of  iron  or  copper;  it  is  toeted  for  these  by  foeiou  with 
sodinm  carbonate  and  sulphur  (p.  S58). 

25.  Analysis  of  a  Doloiote. 
See  g  310. 

26.  Analysis  of  Felbfak. 

a.  Decomposition  by  sodium  carbonate  (§  140,  II.,  J) ;  removal 
of  the  silicic  acid ;  precipitation  of  the  alnmiDiom  with  the  small 
quantity  of  iron  as  hydroxides  hy  ammooia  (in  platiuum  or  Berlin 
porcelain,  not  in  glass  yessels)  after  §  156, 1,  (37) ;  separation  of 
bariam,  if  present,  from  the  filtrate  with  dilute  sulphuric  acid,  and 
then  of  calcium  with  ammonium  oxalate,  §  IM  (98).  Finally,  solu- 
tion of  the  weighed  alumina  in  concentrated  hydrochloric  acid, 
separation  and  weighing  of  traces  of  silica  if  present ;  evaporation 
with  sulphuric  acid  and  volumetric  determination  of  iron,  generally 
present  in  small  qnantities  after  §  113,  p.  379. 

b.  Oocomposttion  by  SuirB's  method,  p.  426.  Separate  the 
alkalies  after  §  152,  1. 

0.  Determine  loss  by  ignition, 

27.  Assay  of  a  Calajunb  ob  SioTHeoinTB. 
After  §  215. 
Volumetric  determination  of  the  zinc. 

28.  Assay  of  Galena. 
Determination  of  the  lead,  as  directed  §  213. 

29.  Valuation  of  Chlobide  of  Limb  (§  199). 
a.  After  Penot  (p.  699). 
ft.  After  Otto  (p.  701). 

80.  Valcation  of  Manoasksb  (§  202). 

a.  After  Fbesenids  and  Will  (p.  705).  The  evolved  00,  to 
be  weighed  (p.  708). 

b.  After  Bowses  (p.  709). 

c.  By  means  of  iron  (p.  709). 
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81.  COUPLBTB  ^VnaLYSIB  OF  Ibon  Orb  (§  S17). 
E.  DETERMINATION  OF  THE  SOLUBILITY  OF  SALTS. 

32.  Detzrmihatiok  of  the  Dbobee  of  SoLDBH-nr  of  CojofON 
Salt. 
a.  At  boilinff  heai. — Difisolve  perfectly  pnre  palverized  sodinm 
chloride  in  distilled  water,  in  a  flask,  heat  to  boilinj;,  and  keep  io 
ebullition  nntil  part  of  the  dissolved  salt  separates.  Filter  the 
fluid  now  with  the  greatest  expedition,  through  a  funnel  Buironnded 
with  boiling  water  and  covered  with  a  glaae  plate,  into  an  accn- 
mtelj  tared  oapacioos  meaenring  flask.  As  soon  as  about  100  cc. 
of  fluid  have  passed  into  the  flask,  insert  the  cork,  allow  to  cool, 
and  weigh.  I^  the  flask  now  np  to  the  mark  with  water,  and 
determine  the  salt  in  an  aliquot  portiou  of  the  fluid,  by  evaporiting 
in  a  platinum  dish  (best  with  addition  of  some  ammonium  chloride, 
which  will,  in  some  measure,  prevent  decrepitation) ;  or  by  deto- 
mining  the  dJorine  (§  141), 

h.  At  14°. — Allow  the  boihng  saturated  solution  to  cool  down 
to  this  temperature  with  frequent  shaking,  and  then  proceed  as 
in  a. 

100  parts  of  water  dissolve  at  109*7° .40*35  of  sodinm  diloride. 

100  «  "  14°     ....35-87  "  " 

33.    BsTEKUHATIOIf  OF  THE  DeGBEE  OF   SoLUBILITY'    OF    CiJjCnnt 
SOLPBATE. 

a.  At  100°. 

h.  At  12°. 

Digest  pure  pulverized  calcium  sulphate  for  some  time  witb 
water,  in  the  last  stage  of  the  process  at  40° — 50°  (at  which  tesnpera- 
ture  sulphate  of  lime  is  most  soluble) ;  shake  the  mixture  frequently 
during  the  process.  Decant  the  clear  solution,  together  with  i 
little  of  the  precipitate,  iuto  two  ilasks,  and  boil  the  fluid  in  one  of 
tliem  for  some  time ;  allow  that  in  the  other  to  cool  down  to  12°, 
with  freqnent  shaking,  and  let  it  stand  for  some  time  at  that 
temperature.  Then  filter  both  solutions,  weigh  the  filtrates,  and 
determine  the  amount  of  calcium  sulphate  respectively  contained 
in  them,  by  evaporating  and  igniting  the  residues. 

100  parts  of  water  dissolve  at  100*    0-31T  of  anlijdrouB  caldujn  sulphate. 

100  "  "  la"     ....0-288 

34.  Analysis  of  Atmobphebic  Aib. 
See  §  221. 
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F.  ORGANIO  ANALYSIS  AND  ANALYSES  IN  WHIOH    OROANIO 
ANALYSIS  IB  APPLIED. 

35.  Anaxtbis  of  Tabttabio  Aoid. 
Select  clean  and  white  crygtale.     Powder  and  dry  at  100°. 

a.  Bum  with    lead    cliromate   after  §  ITJ.      For  details   of 
manipTdation  see  g§  174  and  175. 

b.  Bum  with  oxygen  gas  in  a  tray,  §  178. 

C .48  32 

H 6  4 

O $6  64 

150  100 

36.  DFTBBHUIATIOn    OF    THE    NiTHOOBN    IN   CeTBTALLIZKD    PoTAB- 

8IUM  Fkbeoctahide. 
Tritnrate  the  perfectly  pure  cryatals,  press  in  blotting  paper, 
and  determine  the  nitrogen  as  directed  §  185.    (ComboBtion  with 
Boda  lime.)     The  formula  requires  19*93  per  cent,  of  nitrogen. 

37.  AsALTBiB  or  Ubio  Aoid  {or  any  other  perfectly  pure  organic 

compoond  of  carbon,  hydrogen,  oxygen,  and  nitrogen). 
Dry  pure  uric  acid  at  100°. 

a.  Determination  of  the  carbon  and  hydrogen  (§  183). 
ft.  Determination  of  the  nitrogen. 

a.  After  §  185. 

A  After  §  184,  hb. 

C 60-00  35-68 

N 5616  33-40* 

H 4-00                   2-38 

0 4800  28-54 

168-16  100-00 

88.  AiTALTBis  OF  A  Sdfebfbosphate  (§  220). 

89.  Analtbib  of  Coal  (§  219.) 

40.  Analysis  op  a.  Cast  Ikon. 
After  §  218. 

*  Taking  14  for  the  atomio  weight  of  N  givei  83'38  per  cent  of  nitrogen. 
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ANALYTICAL  BXPERIMENTa" 
1.  Actios  of  Watbb   itfon   O1.&R8  axd  Pobcblair  Ybsseu,  ir  thb 

PBOCXSe  or  EvAfOBATION  (Co  ^  41). 

A  large  bottle  was  Oiled  with  water  caatiouslj  distilled  from  a  copper  boiler 
witb  a  tin  condeosiiig  tube.    All  tbe  experimentB  in  1  were  made  with  this 

a.  300  C.C.,  cautioiuly  evaporated  in  a  platinum  dlst),  left  a  rcBidue  weighiag, 
after  ignition,  00005  grm.=0-0017  per  1000. 

b.  600  c.c.  were  evaporated,  boiling,  nearly  to  dryness,  in  a  wide  flask  of 
Bohemian  glass;  the  residue  was  traDsferred  to  a  platinum  dish,  and  the  flask 
rinsed  with  100  c.c.  disUlled  water,  which  was  added  to  the  residue  In  the  dish ; 
the  fluid  in  the  latter  whs  then  evaporated  to  dryness,  and  the  residue  ignited. 

The  residue  weiglied 00104  gnu. 

Deducting  from  this  the  quantity  of  Ased  matter  originally 
contained  In  the  distilled  water,  viz 0'0013    " 

There  remuns  substance  taken  up  from  the  glass 00092    " 

=0-0158  per  1000. 

In  three  other  experiments,  made  in  the  same  manner,  300  c.c.  left,  in  two 
0-0049  grm..  In  the  third  00087  grni. ;  which,  calculated  for  600  c.c,  gives  an 

average  of O'OOOO  grm. 

And  after  a  deduction  of 0-0012    " 

0-0078    " 
=0-018  per  1000. 

We  may  therefore  atwiimn  that  1  litre  of  water  dissolves,  when  boiled  down 
to  a  small  bulk  in  glass  vessels,  atx)ut  14  milligrammes  of  the  constituents  of  the 
gUsa. 

e.  600  c.  c.  were  evaporated  nearly  to  dryness  in  a  dish  of  Berlin  porcelain,  and 
in  all  other  respects  treated  as  in  b. 

The  residue  weighed 0-0016  grm. 

Deducting  from  this  the  quantity  of  fixed  matter  cont^ned  in 
the  distilled  water,  viz 0-0012    " 

There  remains  substance  taken  up  from  the  porcelain 0-0003    " 

=0-0006  per  lOOa 

*  The  exptrimenls  an  numbered  as  Id  the  <»lgliial  edition,  but  tome  an  omlttad. 
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S.  Acnon  OF  Htdrochlobio  Acid  upon  Olabb  ahd  Pobcbi.ui(  VmnA 
IH  THX  Fxocsas  or  Btatokatton  (to  §  41). 

Tbe  distilled  wWer  used  la  1  was  mixed  wltli  ^  of  pure  hydrocliloric  add. 

a.  800  gnu.,  eT&porat«d  In  a  platinum  diah,  left  O'OOS  gnu.  remdue. 

b.  800  grm.,  evaporated  flrat  ia  Bohemian  glaas  nearly  to  dryness,  tben  in  t 
plalinum  diah,  left  0*0019  residuei  the  dilute  hydrocliloric  at^d,  therefore,  had 
not  attacked  the  glass. 

e.  800  grm.,  evaponted  ia  Berlin  porcelain,  Ac,  left  0-008S  gna..  accordingij 
after  deducting  0-003,  0-0016=0-0058  per  1000. 

d  In  a  second  eiperiment  made  in  the  aame  manner  aa  in  c.  the  resdoe 
amounted  to 0-0084,  accordingly  after  deducthig 0-003,  0-0014=00047  per  lOOQ. 

Bydrochloric  acid,  therefore,  attacks  glaas  much  leaa  than  water,  vhils 
porcelain  is  about  equally  affected  by  water  and  dilute  hydrochloric  acid.  Tlw 
ftfaoffs  that  the  action  of  water  upon  glass  coosisls  in  the  formation  of  sotuUe 
basic  silicates. 

8.  Actios   ok    Bolutiok   op  AjuoHiuit    Cbimbiob    ufoh    ai.AaB  iSD 

POBCBI/AIB  VKSflELB,  DI  THB  PboCBSB  OF  EVAPORATION  (tO  §  41). 

In  the  distilled  water  of  1,  ^  of  ammonium  chloride  was  dissolved,  and  Ibe 
aolution  Altered. 

a.  800  c.c,  evaporated  in  a pl&tinum  dish,  left  0  006  grm.  fixed  residue: 

b.  800  c.c,  evaporated  first  nearly  to  diyneae  in  Bohemian  glass,  then  todiy 
ncss  in  aplatinum  dish,  left  0'0I79  grm.;  deducting  from  this  0006  grm-,  their 
remains  snbstance  taken  up  from  the  glass,  0 -Oil S=:::0 '0307  per  iOOO. 

e.  800  c.c,  treated  in  the  same  manner  in  Berlin  porcelain,  left  (KKTS 
deducting  from  this  0  006,  there  remains  0-0118=0-0898  per  lOoa 

Solution  of  ammonium  chloride,  therefore,  strongly  attacks  both  gjaas  and 
porcelain  in  the  process  of  evaporation. 

4.  Action  of  Soldtioh  of  Bodiuh  Cabbokatb  dpoh  Qi.agi>  tjn>  Pota- 
LAW  Vkssrm  (to  §  41). 


a.  800  c.c,  supersaturated  with  hydrochloric  acid  and  evaporated  to  diyitet 
in  a  platinum  dish,  &c,  gave  00036  grm.  silicA=O-0Oe7  per  1000. 

b.  800  cc.  were  gently  boiled  for  three  hours  in  a  glass  vessel,  the  evaporu- 
ing  water  being  replaced  from  time  to  time:  the  tolerably  concentrated  liquid 
was  then  treated  as  in  a;  it  left  a  residue  weighing  0-1376  gmu;  deducting  boo 
this  the  0-0036  grm.  left  in  »,  there  remains  0  185  grm.  =  0  450  per  1000. 

e.  800  c.c,  treated  In  the  same  manner  as  in  6,  in  a  porcelain  vessel,  kft 
0-0099;  deducting  from  this  0-0036  grm.,  there  remains  0-0078=0^)S43  per  tOOd 

Which  shows  that  (railing  solution  of  sodium  oarl>onat«  attacks  giau  vei; 
strongly,  and  porcelain  also  in  a  very  marked  manner. 

S.  Wateb  Distilled  from  Glass  Tesselb  (to  g  S6,  1). 

43-41  grm.  of  water  distilled  with  extreme  caution  from  a  tall  fiask  wlthi 
LiEBia's  condenser,  left  upon  evaporation  in  a  platinum  dlab,  a  letddoe  wci|liii% 
after  ignition.  00018 grm.,  consequently  nirT' 
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8.  PoTAMiDif  Smj>SA.TE  isu  Alcoboi.  (to  §  88,  a). 

a.  Ignited  pure  potaBdum  lulphate  was  digested  cold  with  absolute  alcohol, 
for  aeyeral  days,  with  frequent  ahakjng;  the  fluid  was  filtered  off,  the  filtrate 
diluted  with  water,  and  then  mixed  with  barium  chloride.  It  remaiaed  perfectlj 
clear  upon  the  addition  of  this  reagent,  but  after  tbe  lapse  of  a  considerable  time 
it  began  to  exhibit  a  slight  opalcoceace.  Upon  evaporation  to  dryness,  there 
remained  a  verj  trifling  residue,  which  gave,  however,  distinct  indicaliooe  of  the 
presence  of  sulphuric  acid. 

b.  The  same  salt  treated  In  the  same  manner,  with  addition  of  some  pure 
conceoliated  sutphunc  acid,  gave  a  filtrate  which,  upon  evaporation  in  a  plati- 
num diah,  left  a  clearly  perceptible  fixed  residue  of  potassium  sulphate. 

7.  DEPOBTHfnT  OF  PoTAaBruH  Chlobide  in  the  Aib  asd  at  a  Hiqb 
TEMrBBATUBB  (to  g  68,  B). 

0'9727  grm.  of  ignited  (not  fused)  pure  potassium  chloride,  heated  for  10 
minutes  to  dull  redness  in  an  open  platinum  dish,  lost  O'OOOT  grm. ;  the  salt  was 
then  kept  for  10  minutes  longer  at  the  same  temperature,  when  no  further  dimi- 
nution of  weight  was  observed.  Heated  to  bright  redness  and  aemi-fusion,  the 
salt  suffered  a  further  loss  of  weight  to  the  extent  of  00009  grm.  Ignited 
intenaely  and  to  perfect  fusion,  it  lost  00084  grm.  more. 

Eighteen  hours'  exposure  to  the  air  produced  not  the  slighlest  increase  of 
weight. 

8.  Solubility  of  Potabbidm  Platinio  Chlokide  in  Alcohol  (to  §  68,  e). 
a.  In  abtenee  ((ffrts  Bydrochloric  Aetd. 

a.  An  excess  of  perfectly  pure,  recently  precipitated  potaaslum  platinic 
chloride  was  digested  for  8  days  at  15— 20°,  with  alcohol  of  970  per  cent.,  in  a 
stoppered  bottle,  with  frequent  aliaklng.  730  grm.  of  the  perfectly  colorless 
filtrate  left  upon  evaporation  In  a  platinum  dish  a  residue  whicb,  dried  at  100*, 
weighed  0*008  grm. ;  1  part  of  the  salt  requires  therefore  13083  parts  of  alcohol 
of  9T'6  per  cent,  for  solution. 

jS.  The  same  experiment  was  made  with  alcohol  of  76  per  cent.  The  filtrate 
might  be  sud  to  be  colorlen:  upon  evaporation,  slight  blackening  ensued,  on 
'  which  account  the  reddue  was  determined  as  platinum.  7S'6  grm,  yielded 
0006  grm.  platinum,  corresponding  to  003  grm.  of  the  salt.  One  part  of  the 
salt  dissolves  accordingly  In  8775  parts  of  alcohol  of  76  per  cent. 

jr.  The  same  experiment  was  made  with  alcohol  of  55  per  cent.    The  filtrate 
was  distfaictly  yellowish.    68-3  grm,  left  00241  grm.  platinum,  corresponding  to 
0*06  grm.  of  the  salt    One  part  of  the  salt  dissolves  accordingly  in  1058  parts  of 
alcohol  of  5S  per  cent. 
b.  In  pmenee  ofj^ee  HydrtxUtyrie  Add. 

Recently  precipitated  potassium  phUInEc  chloride  was  digested  cold  with 
alcohol  of  76  per  cent.,  to  which  some  hydrochloric  acid  had  been  added.  The 
solution  was  yellowish ;  67  grm.  left  0-0148  grm.  platinum,  which  corresponds  to 
oaaes  grm.  of  the  salt  One  part  of  the  salt  dissolves  accordingly  in  1886  parts 
of  alcohol  mixed  with  hydrochloric  acid. 

9.  Sodium  Sdlfhatb  and  Alcohol  (to  §  89,  a). 

Experiments  made  with  pure  anhydrous  sodium  sulphate,  in  the  maimer 
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described  in  6,  sliowed  that  tlila  uU  comports  itself  botli  with  pore  kletAoI,  tnd 
vith  alcohol  coattuaiiig  sulphuric  acid,  exactly  like  potsMium  salphatc 

10.    DBFORTHEnT   OF   IQNITED   SODIUK   SULPEATK  IM    THB    * "«    (tO  %  99,  a\ 

3  3169  grm.  anbydTous  sodium  sulphate  were  exposed,  in  a  watch-^asE,  to 
the  open  air  on  a  hot  summer  day.  The  first  few  luiautes  paaeed  withoat  uf 
Inciease  of  weight,  but  after  the  lapse  of  fi  hours  there  was  an  iacreaae  of  OiXRl 

12.  DiPOBTifXHT  or  Sodium  Chloude  is  tbx  Air  (to  g  SB.  b). 

4'3281  gem.  of  chemically  pure,  moderately  Ignited  (not  fiued]  sodiom 
chloride,  wlilcti  bad  been  cooled  under  a  t>e]] -glass  over  sulphuric  acid,  acquimj 
during  4S  minutes'  exposure  to  the  (soiaewtuU  midst)  aii  an  incmaae  of  wagbi 
of  0-0009  gnn. 

18.  Dbpobtmbitt  or  Sodidh  Cblobide  dtoh  Iqnitiok  bt  rrasLv  asd 
WITH  Amhonidh  Cbi^kide  (to  %  00,  b). 

4'82S1  gnn.  chemically  pure,  ignited  sodium  chloride  went  dissolved  ii 
water,  la  a  moderate-sized  platinum  dish,  and  pure  wononium  chloride  to 
added  to  the  solution,  which  was  then  ev^Kirat«d  and  the  residue  gently  beaini 
until  the  evolution  of  ammonium  chloride  fumes  had  apparently  ceasetL  The 
residue  weighed  4'3334  gnn.  It  was  then  vcrygently  ignited  for  about  3  minutes, 
and  after  this  re-weighed,  when  the  weight  was  found  to  be  48314  gnn.  A  t^ 
minutes' ignition  at  a  red  heat  reduced  the  weight  to  4'8S75gnn.,aDd3minDte*' 
further  ignition  at  a  bri^t  red  heat  (upon  wliich  occasion  white  fumes  wen 
seen  to  escape^  to  48249  grm. 

14.  Depobtust  of  BoDinM  Casbonatb  at  ths  Ant  ako  ok  loxmos 
(to  g  69,  e). 

3'1061  grm.  of  moderately  ignited  chemically  pure  sodium  carbonate  wen 
exposed  to  the  air  in  an  open  platinum  dish  in  July  in  bad  weather;  after  10 
minutes  the  weight  was  31078,  after  1  hour,  91118,  after  0  hours,  81257. 

1-4213  grm.  of  moderately  ignited  chemically  pure  sodium  carlMnate  wen 
ignited  for  S  minutes  in  a  covered  platinum  crucible;  no  fu^on  look  place,  aad 
the  weight  waa  unaltered.  Heated  more  strongly  for  6  miautes,  it  partidly 
fused,  and  then  weighed  1'4303.  After  t>eing  kept  fuung  for  S  minutB*.  it 
weighed  1'418S. 

10.  Deportuent  of  Ammohtuk  Chloridb  nroir  ETAitmAnoB  us 
DBTTsa  (to  §  70,  a). 

0-5633  gnn.  pure  and  perfectly  dry  ammonitmi  chloride  was  disaolrcd  ii 
water  in  a  platinum  dish,  evaporated  to  dryness  in  the  water-bath  and  am- 
pletely  dried;  the  weight  was  now  found  to  be  03433 gnn.  (ratio  100:BQ-9&  It 
was  again  heated  for  13  minutes  in  the  waler-bath,  and  afterwards  re-weigfacd. 
when  the  weight  was  found  to  be  0'6S13grm.  (ratio  100: 9977).  Expesedoace 
more  for  IS  minutes  to  the  same  temperature,  the  residue  weighed  O'SOOSgna. 
(ratio  100:0949). 

16.  BoLnsiLiTT  OF  Ammohtuh  Platikic  CKUoBiin  nf  Alcohol  (to  g  70^  i). 

a.  In  abienee  of  free  Sgdroehlorie  Acid. 

a.  An  excess  of  perfectly  pure,  recently  precipitated  ammonium  phtinic 
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chloride  was  digested  for  6  dajs.  at  IS — 30°,  with  alcohol  of  Vt'S  per  cent.,  in  a 
stoppered  bottle,  with  frequent  agitatioD. 

74 '8  grm.  of  the  perfectly  colorless  filtrate  left,  upon  erapoTation  and  ignition 
in  a  platiaum  dish,  0*0012  grm.  platinum,  coireeponding  to  0*0028  of  the  salt. 
One  part  of  the  salt  requires  accnrdingly  39685  parts  of  alcohol  or  07 '5  per  cent. 

(S.  The  mme  experiment  wae  made  wiih  alcohol  of  76  per  cent.  The  filiraie 
was  distinctly  yellowish. 

81 '75  grm.  left  OilBS?  platinum,  which  corresponda  to  0*0584  gnn.  of  the  salt. 
One  part  of  the  salt  dissolves  accordingly  in  1406  parts  of  alcohol  of  76  per  cent. 

y.  The  same  experiment  was  made  with  alcohol  of  65  per  cent.  The  filtrate 
was  distinctly  yellow.  Blight  blackening  eosned  npon  evaporation,  nod  56'S 
grm.  left  0'08'M  platinum,  which  corresponds  to  0'083T2  grm.  of  the  salt  Con- 
sequently, 1  part  of  the  salt  dissolves  in  660  parts  of  alcohol  (rf  5S  per  cent. 

b.  la  pftttnet  of  ByAroddorie  Add. 

The  experiment  described  in  ff  was  repeated,  with  this  modifieatlon,  that 
some  hydrochloric  acid  was  added  to  the  alcohol  76'S  grm.  left  0-D501  grm.  of 
platinum,  which  corresponds  to  01180  grm.  of  the  salt  673  parts  of  the  acidi- 
fied alcchol  had  therefore  dissolved  I  part  of  the  salt. 

17.  SOLDBILITI  OP  Babittm  Cabboratb  IK  Watib  (U>  %  71,  b). 

a.  lit  Cold  Water. — Perfectly  pure,  recently  predpltated  BaCOi  was  digested 
for  6  days  with  water  of  16 — 20°,  with  frequent  shaking.  The  mixture  was 
filtered,  and  a  portion  of  the  filtrate  tested  with  sulphuric  acid,  another  porlioD 
with  ammonia;  the  former  reagent  immediately  produced  turbidity  in  the  flu1<l. 
the  latter  only  after  (he  lapse  of  a  considerable  t  me.  64-82  grm.  of  the  solution 
left,  upon  evnporation,  O'OOOO  BaCOi.  One  part  of  that  salt  dissolves  consc* 
qiicntly  in  14187  parts  of  cold  water. 

*.  In  Hot  Water. — The  same  l»rinm  carbonate  being  boiled  for  10  minutes 
with  pure  distilled  wat«r,  gave  a  filtrate  manifesting  the  same  reactions  as  that 
prepared  with  cold  water,  and  remaining  perfectly  clear  upon  cooling.  84'83 
i,Tm.  of  the  hot  solution  left,  upon  evaporation,  0OOB5  grm.  of  liarium  carbonate. 
One  part  of  that  salt  dissolves  therefore  in  15421  parts  of  boiling  water. 

'  18.  SoLUBiUTT  OF  Basium  Cakbonate  ts  Water  containihg  Aiiuonia 
AND  AiuoNiuif  Carbonate  (to  §  71,  b). 

A  solution  of  diemkally  pure  bsrium  chloride  was  mixed  with  ammonia  and 
ammonium  carbonate  in  excess,  gently  heated  and  sllcwed  to  stand  st  rest  for  13 
hours;  the  fiuld  was  then  filtered  ofT;  the  filtrate  remained  perfectly  clear  upon 
addition  of  sulphuric  acid;  but  after  the  lapse  of  a  very  considerable  time,  a 
hardly  perceptible  precipitate  separated.  84-83  grm.  of  t1)e  filtrnte  left,  upon 
evaporation  in  a  small  platinum  dish,  and  subsequent  gentle  ignition,  00006 
gnn.  One  part  of  the  salt  had  consequently  dissolved  in  141000  parts  of  the 
ftidd. 

19.  SoLiJBiUTT  OF  Babiuii  Siuco-FmoBiBB  ra  Watek  (to  §  71,  e). 

a.  Recently  precipitated,  thoroughly  washed  barium  ^llco-fluoride  was 
digested  for  4  days  in  cold  water,  with  frequent  shaking;  the  fluid  was  then 
filtered  tM,  and  a  portion  of  the  filtrate  t«sted  with  dilute  solpburic  add,  another 
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portioD  nitb  Bolutlon  of  calcium  snlphate;  both  resigenta  prodoced  lurtiWiir- 
the  fonuer  immedlald^,  the  latter  after  oae  or  two  Beronds — predpitues  aeg^ 
Kled  from  both  portions  after  the  lapse  of  some  time.  84.83  gna.  of  the  filinlr 
left  a  residue  which,  after  be'iDg  tborougbly  dried,  weighed  O-033S  gnn.  On 
part  of  the  salt  had  consequentlf  required  3802  parts  of  cold  water  for  itosola' 

tloQ. 

b.  A.  portion  of  another  saiuple  of  recenUy  precipitated  barium  BHico-fiiwiidt: 
was  heated  with  water  to  boiling,  and  the  solution  allowed  to  cool  (upoD  «bicli 
a  portion  of  the  dissolved  salt  separated).  The  cold  fluid  was  left  for  a  cooairc- 
able  time  longer  in  contact  wUh  the  undissolved  salt,  and  was  then  filteral  ofl. 
The  filtrate  showed  the  same  deportment  with  solution  of  sulphate  of  iineB 
that  of  a.  84 '83  gnn.  of  it  left  0O2S  grm.  One  part  of  the  mlt  had  accto^in^f 
dissolved  in  S393  parts  ot  water. 

20.  Solubujtt  of  BARioif  Silico-Flcobide  ik  Water  AciDiFnED  ims 
Htdbocbloric  Acid  (to  g  71,  e). 

a.  BcceDtlyprecipitatedpurebarlumsUico-fiuoride  was  digested  withfieqnail 
agitation  for  8  weeks  with  cold  water  acidified  with  hydrochlotic  acid.  Hm 
flitrate  gave  with  sulphuric  acid  a  rather  copious  precipitate.  84-83  gem.  left 
0'1166  grm.  of  thoroughly  dried  reeidue,  which,  calculated  as  barium  ^Sko- 
fluoride,  ^ves  738  parts  of  fluid  to  1  part  of  that  salt. 

b.  Recently  precipitated  pure  barium  silico-fluoride  was  mixed  with  wits 
very  slightly  acidified  with  hydrochloric  acid,  and  the  mixture  heated  to  boiling. 
Cooled  to  13°,  84-82  grm.  ot  the  filtrate  left  a.  residue  of  0'ia22  grm.,  whid  pns 
640  parts  of  fluid  to  I  part  of  the  salt.  ' 

N.B,  The  solution  of  barium  silico-fluorideinhTdrochloricacidisnoteffieOad 
without  decomposition;  at  least,  the  residue  contained,  even  after  igmtiaa,s 
rather  large  proportion  of  barium  chloride. 

21.  BoLDBrLrrv  of  STROurrmi  Bolphatb  ih  Watkk  (to  §  78,  a\. 
a.  In  Water  of  14°. 

8483  grm.  of  a  solution  prepared  bf  4  days'  digestion  of  recently  precipitated 
stronUum  sulphate  with  water  at  the  common  temperature,  left  O'OlSSgnn.  cd 
strontium  sulphate.  One  part  of  strontium  sulphate  dissolves  consequently  ia 
OeOS  parts  of  water. 

6,  /a  Water  of  100°. 

8482  grm.  of  a  solution  prepared  by  boiling  recently  precipitated  atiaotioia 
sulphate  several  hours  with  water,  left  0-0088  grm.  Consequently  1  pait  <i 
strontium  sulphate  dissolves  in  9636  parts  of  boiling  water. 

22.  SoLUBiLFTT  OP  Stronthjh  Sulphatb  im  Watkr  ooRTAnnKe  Hidbo- 
CHLORIC  Acid  and  Sulfhuric  Acm  (to  g  73,  a). 

a.  84 '82  grm.  of  a  solution  prepared  by  8  days'  digestion,  left  0-0077  gm. 
SrSO.. 

&  42'41  grm.  of  a  solution  prepared  by  4  days'  digestion,  left  0-0030  ^rm- 
e.  Pure  strontium  carbonate  was  dissolved  in  an  excess  of  hydrochloric  add, 
and  tbe  solution  precipitated  with  on  excess  of  sulphuric  acid  and  then  allowed 
to  sUnd  in  the  cold  for  a  fortnight.    8482  grm.  of  the  filtrate  left  0-0066  gnn. 
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In  a.  1  part   of  SrSOi  required  11016  puts. 
b.  I  "  '■       11780     '■ 

0.1  '.  '.       13791      .. 


38.  BoLUBTUTT  OF  STBONTitm  Sulphate  ra  dilctb  Nitsic  Acm,  Htdbo- 
cHLOBic  Acid,  abd  Acetic  Acid  (to  §  72,  a). 


a.  Recently  precipitated  pure  Btrontiiim  sulphalewas  digested  for  9  dajs  ia 
tlie  cold  with  nitric  acid  of  48  per  cent.  150  gnn.  of  tbeflltrate  left  0-34S1  grm. 
One  part  of  tlie  salt  required  sccordlogly  4S6  parts  of  tlie  dilute  acid  for  its 
solution :  in  soother  experiment  1  part  of  the  salt  was  found  to  require  420  parts 
of  ttie  dilute  acid.    Mean,  4S2  parts. 

b.  The  same  salt  was  digested  for  S  dajs  in  tbe  cold  with  hydrochloric  acid 
of  6'5  per  cent.  100  grm.  left  O'SllS,  &nd  in  another  experiment,  0-3104  grm. 
One  part  of  the  salt  requires,  accordingly,  in  the  mean,  474  parts  of  hydrochloric 
acid  of  S'S  per  cent,  for  Its  solution. 

e.  The  same  salt  was  digested  for  2  days  in  the  cold  with  acetic  acid  of  IS'6 
per  cent,  CH.O,.  100  grm.  left  0-0136,  and  in  another  experiment,  0-0129  grra. 
One  part  of  the  salt  requires,  accordingly,  in  the  mean,  784G  parts  of  acetic  acid 
of  16 '6  per  cent. 

34.  BoLDBiLrrT  of  STSoimuit  Cakbonatk  in  Cold  Wateb  (lo  §  73,  b). 

Becently  precipitated,  thoroughly  washed  stronUum  cftrhouate  was  digested 
oeveral  days  with  cold  distilled  water,  with  frequent  shaking.  84'83  grm.  of  the 
filtrate  left,  upon  evaporation,  a  residue  weighing,  after  ignition,  0*0047  grm. 
One  part  of  strontium  corttonate  requires  therefore  1604S  parts  of  water  for  iU 
solution. 

35.  Eh>LtTBiLiTT  OF  Btkontiuh  Cabbosatb  is  Watsk  coin'AniiKO  AmfomA 
AXD  Akmonium  Cabbomatb  (to  %  7S,  b). 

Recently  precipitated,  thoroughly  washed  strontium  carbooate  was  digested 
for  4  weebs  with  cold  water  containing  ammonia  and  ammonium  carbonate, 
with  frequent  shaking.  84'83  grm.  of  the  filtrate  left  D'OOIS  grm.  BrCOi. 
Consequently,  1  part  of  the  salt  requires  06640  parts  of  this  fluid  for  ita  solution. 

If  soluUon  of  strontium  chloride  is  precipitated  with  ammonium  carbonate 
and  ammonia  as  directed  g  102, 3,  a,  sulphuric  acid  produces  no  turbidity  in  the 
filtrate,  after  addition  of  alcohol. 

28.  BoLUBiLm  OF  Calctuv  Cabbonate  nr  Cold  abd  m  BoiLraa  Water 
tto  §  78.  b). 

a.  A  solution  prepared  by  boiling  as  In  26.  6,  was  digested  In  the  cold  for  4 
weeks,  with  frequent  agitation,  with  the  undissolved  precipitate.  8483  grm. 
loft  O008O  CaCO,.     One  part  therefore  required  10601  parts. 

b.  Recently  precipitated  calcium  cartionate  was  boiled  for  some  time  with 
distilled  water.  4241  grm.  of  the  filtrate  left,  upon  evaporation  and  gentle 
ignition  of  the  reridue,  00048  CaCO,.  One  part  requires  consequently  8884 
parts  of  boiling  water. 
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27.  Soi.uBiLiTT  or  CaCOi  in  Wateb  cohtairiso  Ammotiu.  t 
n:ch  Cakboratb  (to  g  7S,  6). 

Pure  dilute  Mtlution  of  calcium  chloride  was  precipEtated  villi  a 
rarbonale  aad  ammonia,  allowed  to  stand  34  houTs,  and  then  filtered.    84*8! 
erm.  left  O-0O18  gtm.  Ca  COi.    One  put  roqulres  conaequenUf  85248  parts. 

28.  Drpohticbnt  or  CALcnw  Cakbonatk  ufoh  lamrioa  m  a  PLAnxm 
Crucible  (to  §  78,  b). 

0'7955  grm.  of  pertectif  diy  calcium  carbonate  was  exposed,  in  a  maS  aiid 
thin  platinum  cmcible,  to  the  gradually  increaaed  and  flnallj  moat  inienae  beat 
of  a  gOQd  Bkbzsuub'  lamp.  The  cracible  was  open  and  placed  obllqud;. 
After  the  Srst  IB  minutes  the  mass  weighed  0-9483— after  half  an  hour  0-tSSt— 
after  one  hour  0'IIM7,  which  latter  weight  remaimed  unaltered  sfl«r  IS  minoiei' 
additional  heating.  This  corresponds  to  74'S  per  cent.,  whilst  the  propoitiDD  at 
CaO  in  the  carbonate  is  calculated  at  56  per  cent. ;  there  remained  theiefeire 
evldenttf  still  a  consideruble  amount  of  the  carbonic  acid. 

S9.   COMPOBITIOK  OP  CALCroM  OXALATE  DBIED  AT  100°  (tO  g  73,  4. 

O'BSIO  grm.  of  thoroughly  dry  pure  caklnm  carbonate  was  disMhrcd  in 
hydrochloric  acid;  the  solution  was  precipitated  with  ammonium  oxalate  bimI 
ammonia,  and  the  precipitate  collected  npon  a  weighed  filter  and  dried  at  100', 
until  the  weight  remained  constant  "Hte  caJdnm  oxalate  ao  prodaced  weigbcd 
1  -2461  grm.  Calculating  this  as  CaC.O,  -|-  H,0,  the  amount  found  contained 
04773  CaO,  which  corresponds  to  SS-07  per  cent.  In  Uie  calcium  carbonate;  tbe 
calculntcd  proportion  of  CaO  In  the  latter  Is  S6  per  cent 

80.  DEFOBTHEin'  OF  MxajOtBiuu  Btilfeatk  n  thk  Aib  ahd  vrav  Iffio- 
TioH  (to  §  74,  a). 

0-8185  grm.  of  perfectly  pure  anhydrous  HgSOi  In  a  covered  platimm 
crucible  acquired,  on  a  fine  and  warm  day  in  June,  in  half  an  hour,  an  incnwe 
of  weight  of  0004  grm.,  and  in  the  course  of  19  hours,  of  0-087  grm.  The  mU 
could  not  be  accura*tely  weighed  in  the  open  crucible,  owing  to  continual  IncruK 
of  weight 

0'818G  grm.,  expoeed  for  some  time  to  a  Tery  moderate  icd  heat,  snftered  do 
diminntion  of  weight;  but  after  S  minutes'  exposure  to  an  fntenn  red  bm,  the 
substance  was  found  to  hare  lost  0-0075  grm.,  and  the  residue  gave  no  longer  ■ 
clear  solution  with  water.  About  0*2  grm.  of  pure  magnerium  sulphate  exposed 
in  a  small  platinum  crucible,  for  IS  to  20  minutes,  to  the  heat  of  a  powerful 
blast  gas  lamp,  gave,  with  dilute  hydrochloric  acid,  a  aolutitm  In  which  harinm 
chloride  failed  to  produce  the  least  turbidity. 

SI.  SoLDBtLtTT  OF  Auioxniii  HAosxanm  Pbovhatb  ib  ptms  Tatxs 
(to  g  7i  b). 

a.  Recently  precipitated  ammonium  magnesium  phoepbate  was  thoroughly 
washed  with  water,  then  digested  for  94  hours  with  water  of  about  15".  wifli 
frequent  shaking. 

84-42  grm.  of  the  fllttate  left 0-004?  grm. 

,  of  msgnealum.  pyrophosphate. 
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b.  The  same  precipitate  was  digested  in  tlu;  Borne  munner  for  79 
S4-42  gnn.  of  the  filtrate  lett 0O048    " 

Mean 00045    " 

nblch corresponds  to  000093 grm.  of  the  anhydrous  double  salt    One  part  of 
that  salt  disBolTES  therefore  in  1G398  parts  of  pure  water. 

The  cold  saturated  solution  gave,  with  ammonia,  after  the  lapae  of  a  short 
time,  a  distinctly  perceptible  crystalline  precipitate;— on  the  addition  of  sodium 
phosphate,  it  remained  perfectly  clear,  and  even  after  the  lapse  of  2  days  no 
precipitate  had  formed;— ammonium  sodiimi  phosphate  produced  a  precipitate 
aa  large  as  that  by  ammonia. 

82.  SoLCBiLrrr  op  Ahhorittm  MAGHxanm  Phosphatb  ct  Wateb  coir- 
TUNnia  Ammonia  (to  §  74,  b). 

a.  Pure  ammonium  magnesium  phosphate  was  dissolved  Id  the  least  possible 
amount  of  nitric  acid;  a  large  quantity  of  water  was  added  to  the  solution,  then 
ammonia  in  excess.  The  miztura  was  allowed  to  slaod  at  rest  for  24  hours, 
then  filtered;  its  temperature  was  14°.  84 43  grm.  left  OOOIQ  magnesium  pyro- 
phosphate, which  corresponds  to  0*00184  of  the  anhydrous  double  salt.  Conse- 
quently 1  part  of  the  latter  requires  46880  parts  of  ammoniated  water  for  its 
solution. 

b.  Pure  ammonium  magnesium  phosphate  was  digested  for  4  weeks  with 
ammoniated  water,  ^ith  frequent  shaking;  the  fluid  (temperature  14°)  was  then 
filtered  o9;  I26'68grm.  left  0-0034  magnesium  pyrophosphate,  which  corresponds 
to  0-00306  of  the  double  salt.  One  part  of  it  therefore  dissolves  in  42760  parts  of 
ammooiated  water.  Taking  the  mean  of  a  and  b,  I  part  of  the  double  salt 
requires  44880  parts  of  ammoniated  water  for  its  solution. 

88.    AlTOTHEB  EXPEHIMENT   OR  THB   SIMK  BnBJBCT  (tO  %  74,  b). 

Becently  precipitated  ammonium  magnesium  phosphate,  most  carefully 
washed  with  water  containing  ammonia,  was  dissolved  in  water  acidiQed  with 
hydrochloric  acid,  ammonia  added  m  excess,  and  allowed  to  stand  in  the  cold 
for  34  hours.  IS9'64  grm.  of  the  filtrate  left  D'0081  magnesium  pyrophosphate, 
corresponding  to  0-0086  of  anhydrous  ammonium  magnesium  phosphate.  One 
part  of  the  double  salt  required  therefore  44600  parts  of  the  fluid. 

34  SoLWBiLJTT  OP  Ammonium  MAONBSroM  Phosfiuts  in  Wxtkb  con- 
TAnnNO  Ammonium  Chwiridk  (to  §  74,  b). 

Recently  precipitated,  thoroughly  washed  ammonium  magnesium  phospliate 
was  digested  in  the  cold  with  a  solution  of  1  part  of  ammonium  chloride  in  6 
pnrts  of  water.  18-4945  grm.  of  the  filtrate  left  0003  magaesium  pyrophosphate, 
which  corresponds  to  0-0034.5  of  the  double  sail.  One  part  of  the  salt  diisolTes 
tiierefore  in  7548  parts  of  the  fluid. 

85.  SoiUBiLiTT  OP  Ammonium  MAONBsniM  Phosphate  m  Watsb  ook- 
TAiNTNO  Ammonia  and  AmmoSium  Chloride  (to  %  74,  b). 

Recently  precipitated,  thoroughly  washed  ammonium  mBgnesium  phosphate 
wan  diirested  in  the  cold  with  a  solution  of  1  part  of  ammonium  chloride  in  7 
parts  of  ammoniated  water.    881288  grm.  of  the  filtrate  left  a«)12-mi 
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pyrophosphate,  which  corresponds  to  000148  of  the  double  nit.     One piit  of 
■he  double  salt  requires  coosequentlj  1S62T  puts  of  the  fluid  for  its  solatioo. 

86.  Dbpobtxent  ov  Acid  SoLifnoRs  of  MAaxBeiDM  PrBOrHOSFSiiz 
WITH  AmtoNiA  (lo  §  74,  e). 

0*8089  grm.  tnogncsiumpfrophosphHtewaa  treated  for  several  hours,  at  aluidi 
temperature,  with  conceotratcd  milpUuric  acid.  This  exercised  no  perceptible 
Bction.  It  was  only  after  the  addiUon  of  some  water  that  the  salt  dissolTtd. 
The  fluid,  heated  for  some  time,  gave,  upon  addition  of  ammonia  in  eice^,  a 
crystalline  precipitate,  wliicli  was  filtered  oft  after  18  hours  i  the  quanijtjbf 
magneaium  pyropboaphate  otjtaiacd  was  0'880S  grin.,  that  is.  95'48  pa  ctnL 
Sodium  phosphate  produced  in  the  filtrate  a  trifiing  precipitate,  which  pn 
O'OISO  grra.  of  magncaiuni  pyrophosphate,  that  is,  S'T6  per  cent. 

O'SSOS  grm.  magncBlum  pyrophoaphale  was  dlaaolved  in  8  grm.  nitric  htii. 
of  1'2  sp.  gr. ;  tlie  solution  was  heated,  diluted,  and  precipitated  with  ammnnii: 
■he  quantity  of  magnesium  pyropho^pltatc  obtained  amounted  to  O'USS  grm.. 
that  is,  98'42  per  cent. ;  0-4075  grra,  was  treated  in  the  Bame  manner  with  T* 
grm.  of  the  same  aitric  acid:  the  quantity  re-obtained  was  0-4i&S5  grm.,  IhUis. 
M'16  per  cent 

0780  grm.  treated  In  the  sarae  manner  with  IS-S  grm.  of  nitric  acdd,  gtn 
OTTSS  grm.,  that  Is,  08'79  per  cent. 

The  result  of  these  experiments  may  be  tabulated  thus: 


PropCStlODDf 


'M&P.0 
Dlulo  adil 

1:    0  98-43  per  cent.  158 

1  :  10  99 19      "  0-81 

1:20  9879       "  1-21 

87.  SoLUBiLiTT  OF  PURK  Uaquxsia  in  Wateb  (to  |  74,  d). 

a.  la  CtM  Water. 

Perfectly  pure  well-crysTallizcd  magnesium  sulphate  was  dissolTed  in  water. 
and  the  solution  precipitated  with  ammonium  carbonate  and  caustic;  amraonis: 
the  precipitate  was  thoroughly  washed — in  spile  of  which  it  slill  retained  t  per- 
ceptible trace  of  sulpliuric  acid^then  di^soived  in  pure  aitric  acid,  an  eicc^s  i/ 
acid  being  carefully  avoided.  The  solution  was  then  re-precipitated  with  ammo- 
nium carbonate  and  caustic  ammonia,  and  the  precipitate  thoroughly  wasb«l 
The  ao-prepared  perfectly  pure  magnesium  carbonate  was  ignited  in  a  platinoin 
crucible  until  the  wi^ight  remained  coaslanL  The  residuary  pure  m^nesiawcj 
then  digested  in  the  cold  for  34  hours  witli  distilled  water,  with  frequent  stakinr. 
Tha  distilled  water  used  was  perfectly  free  from  chlorine,  and  left  no  fixed 
residue  upon  evaporation. 

a.  84 '82  grm.  of  tbe  flitrale,  cautiously  evaporated  in  a  platinum  dish,  kfi  * 
residue  weigblna:,  after  ignition,  00015  grm.    One  part  of  the  pure  magnesi 

dissolved  therefore  in 5t54t 

parts  of  cold  water. 

The  digestion  was  continued  for  46  hours  longer,  whetl 

p.  84 '82  grm.  left  0-OOIA  grm.    One  part  required  therefore SSUS 

-y.  64-88  grm.  left  0-0015  grm.    One  part  required S654t 
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The  solution  of  magnesia  prepared  in  tbe  cold  way  has  a  feeble  yet  distinct 
alkaline  reaction,  which  is  most  eadly  perceived  upon  tbe  addition  of  very 
fuintly  reddened  tincture  of  litmus;  the  alkaline  reaction  of  tlie  solution  is 
I-erfectly  manifest  also  with  slightly  reddened  litmus  paper,  or  with  turmeric 
»r  diihliu  paper,  if  these  test-papers  are  left  for  some  time  in  contact  with  the 
twlution. 

Alkali  carbonates  tail  to  render  the  solution  turbid,  even  upon  boiling. 

Sodium  phosphate  also  fails  to  impair  the  clearness  of  the  solution,  but  if 
the  fluid  is  mixed  with  a  little  ammonia  and  abakcn,  it  speedily  twcomes  turbid, 
and  deposits  after  some  time  a  perceptible  precipitate  of  ammonium  magnesium 
phosphate. 

b.  In  Hot  Water. 

Upon  boiling  pure  magnesia  with  water,  a  solution  is  obtained  wbich  com- 
ports itself  in  every  respect  like  the  cold-prepared  solution  of  magnesia.  A 
hot-prepared  solution  of  magnesia  does  not  become  turbid  upon  cooling,  nor 
does  a  cold-prepared  solution  upon  tKiiliog.  &4'83  gnn.  of  hol-prepaied  solution 
of  magnesia  left  0-0016  grm.  HgO. 

88.  aoLUBiuTY  or  PuBK  Magnkbia  in  Solutions  of  Potassium  Chloride 
AND  SoDiiTM  Chloride  (to  g  74,  d). 

8  flasks  of  equal  size  were  charged  as  follows: — 

1.  With  1  grm.  pure  potassium  chloride,  200  c.c.  water  and  some  perfectly 
pure  mogne^a. 

2.  With  1  grm.  pure  sodium  chloride,  2O0c.c.  water  and  sorac  pure  magne^a. 
8.  With  200  c.c.  water  and  some  pure  magnesia. 

The  contents  of  tbe  8  flasks  were  kept  boiling  for  40  minutes,  then  Altered, 
and  tbe  clear  filtrates  mixed  with  equal  quantities  of  a  mixture  of  sodium 
phosphate,  ammonium  chloride  and  ammonia.  After  12  houis  a  very  slight 
precipitation  was  visible  in  S,  and  a  considerably  larger  precipitation  had  taken 
place  in  1  and  2. 

80.  Precipitation  op  Alttminittm  rt  AmomA,  etc.  (to  g  75,  a). 

1.  Ammonia  produces  in  neutral  solutions  of  aluminium  salts  or  of  alum,  as 
is  well  known,  a  gelatinous  precipitate  of  aluminium  hydroxide.  Upon  further 
addition  of  ammonia  in  considerable  excess,  tbe  precipitate  rediseolvesgr&dually, 
but  not  completely. 

b.  If  a  drop  of  a  dilute  solution  of  alum  is  added  to  a  copious  amount  of 
ammonia,  and  (he  mixture  shaken,  the  solution  appears  almost  perfectly  clear; 
however,  after  standing  at  rest  for  some  time,  gligbt  flakes  separate. 

e.  If  a  solution  of  aluminium,  mixed  with  a  lai^  amount  of  ammonia,  is 
Uttered,  and 

□:.  The  filtrate  boiled  for  a  conuderable  time,  flakes  ot  aluminium  hydroxide 
separate  gradually  in  proportion  as  the  excess  of  ammonia  escapes. 

j9.  Tbe  filtrate  mixed  with  solution  of  ammonium  chloride,  a  very  percep- 
tible flocciilent  precipitate  of  aluminium  hydroxide  separates  immediately;  tbe 
whole  of  the  aluminium  present  in  the  solution  will  thus  separate  if  tbe 
ammonium  chloride  be  added  in  sufficient  quantity. 

y.  The  filtrate  mixed  with  ammonium  sesquicarbonate,  the  same  reaction 
tukcs  place  as  in  /3, 
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S.  The  flltnle  mixed  with  soltitinu  of  sodium  chloride  < 
chloride,  no  precipitate  sepaniteB,   but,  after  several  days'  Btanding.  sli^i 
flakes   of  aluminium   hydroxide   subside,  owing   to  ILe   I093   of  ■ 
evaporattoD. 

d.  If  a  neutral  solution  of  Bluminium  1b  precipitated  with  i 
boaate,  or  if  a  solution  stroDgly  acidified  with  hydrochloric  or  nitric  acid  a 
precipitated  with  pure  ammonia,  or  if  to  a  neutml  solution  a  sufficient  anouul 
of  ammonium  chloride  is  added  besides  the  ammonia;  e*en  a  coBudenblr 
CKcess  of  the  precipitanta  will  tai\  to  redissolve  the  precipitUed  almniniom 
hydroxide,  as  appears  from  the  oontlnued  perfect  clearueM  of  the  flltntes  upoa 
protracted  boiling  and  eTapoiaClon. 

40.  PKEcifTiATiON  OF  ALuiiracDM  BT  AmoNnm  Stn^moK  (to  §  75,  a). 
(Experimenti  made  by  Mr.  J.  FocHs,  formerti/  Amttant  tn  tnjr  Ladoralarj/.) 

a.  60  c.c.  of  a  solution  of  pure  amiDonitini-ahun,  which  contained  fySUH 
AliOi.  were  mixed  with  SO  c.c.  water  and  10  c.c.  solution  of  ammoainn 
sulphide,  and  filtered  after  ten  minutes.    The  ignited  precipitate  weighed 

b.  The  same  experiment  was  repeated  with  100  c.c.  water;  the  precipiUte 
weighed  0'S769  grm. 

e.  The  same  experimeut  was  repeated  with  900  c.c.  water;  the  predpititr 
weired  O-Sdia  grm. 

41.  PBECiFrrATiOH  OF  Chbomium  by  AiOfOHu  (to  g  76,  a). 

Solutions  of  chromic  chloride  and  of  chrome-alum  (coscentrsted  and  dUnte. 
neutml  and  acidified  with  hydrochloric  acid)  were  mixed  with  ammonia  in 
exccKs.  All  the  filtrates  drawn  off  immediately  after  preciiutatlon  appeared 
red,  butwlien  filtered  after  ebullition,  they  all  appeared  colorieaa,  if  the  ebuHilion 
had  been  sufflclently  protracted. 

42.  80LDBn.iTY  Of  TnB  Basic  Zinc  Cakbonatk  ra  Waikk  (to  g  77,  oV 
Perfectly  pure,  recently  (hot)  precipitated  banc  zinc  carbonate  was  gently 

heated  with  distilled  water,  and  subsequently  digested  cold  for  many  weeks. 
with  frequent  shaking.  The  clear  solution  gave  no  precipitate  with  aramooiuia 
sulphide,  not  even  after  long  standing. 

8482  grm.  left  O'OOH  grm.  Kinc  oxide,  which  corresponds  to  0W)I9  bauc 
zinc  carbonate  (74  pet  cent,  of  ZnO  being  assumed  in  this  salt).  One  part  d 
the  basic  cartx>nate  requires  therefore  44643  parts  of  water  for  solution. 

In  each  of  the  thbee  voi.iMwma  rchbbrb  the  siiu>hxde  was  PBBcm- 
talcd  from  the  solution  of  the  normal  salt  with  addition  of  ommoninin  chloride 
by  yellow  ammonium  sulphide,  and  allowed  to  stand  in  a  closed  vesaeL  Afia 
24  hours  the  clear  fluid  was  poured  on  to  6  filters  of  equal  aire,  and  the 
precipitate  was  then  equally  distributed  among  them.  The  washing  was  at 
once  commenced  and  continued,  without  interruption,  the  following  thuda 
being  used: — 

I.  Pure  water. 
11.  Water  containing  hydrogen  sulphide. 

in.  Water  containing  ammonium  sulphide. 

ly.  Water  containing  ammonium  chloride,  afterwards  pure  water. 
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,  V.  WaMr  containing  hjdrogen  sulphide  and  Hnunonium  chloride,  after- 

warda  water  Aont^dning  liydrogen  sulphide. 
VI.  Water  containing  ammonium  sulpliide  and  ammonium  chloride,  after- 
wards water  contaiaing  aounoDium  autpliide. 

48.  Defobtkent  of  Zihc  Bolpkide  ob  Wa^ono  (to  §  77,  «). 

The  filtrates  were  at  first  coloriew  and  clear.  On  waahiDg,  the  first  three 
flltrates  ran  tbrough  turbid,  the  turbidity  was  strangest  in  II.  and  weakeal  in 
III.;  the  last  three  remained  quite  clear.  On  adding  ammonium  sulphide  no 
change  took  place;  the  turbidity  of  the  fint  three  was  not  increased,  the  cleamew 
of  the  last  three  was  not  impaired.  Ammonium  chloride  therefore  decldedljr 
exercisea  a  favorable  action,  and  the  water  containing  it  may  be  displaced  hj 
water  containing  ammonium  sulphide. 

44  DKPDBTKEirr  of  UAnOAjrzsE  BnLi>EiDE  os  Washing  (to  g  78,  «), 

The  filtrates  were  at  first  clear  and  colorless.  But  after  the  washing  had 
been  continued  some  time,  I.  appeared  colorlesa,  slightly  opalesceiit;  II.  whitish 
andtnrbid;  III.  yellowish  and  turbid;  IV.  colorless,  slightly  turbid;  V.  slightly 
yellowish,  nearly  clear;  VI.  clear,  yellowisU.  To  obtain  a  filtrate  that  remains 
clear,  therefore,  the  wash-water  must  at  fiist  contain  ammonium  cblaride. 
Addition  of  ammonium  sulphide  also  cannot  be  dispensed  with,  as  all  the 
filtrates  obt^ned  without  this  addition  gare  distinct  precipitates  of  manganese 
sulphide  when  the  reagent  was  subsequently  added  to  them. 

4S.  Dbpobthent  of  Nickel  BtTu>Bn>E  (also  of  Cobalt  Sitlphidb  and 
Ferrous  BuijFhidb)  on  WAHHnia  (to  g  79,  «). 

In  the  experiments  with  nickel  sulphide  the  clear  filtrates  were  put  aside, 
and  then  the  washing  was  proceeded  witb.  The  washings  of  the  first  3  ran 
through  turbid,  of  the  last  three  clear.  When  llie  washing  was  finished,  I.  was 
colorless  and  clear;  II.  blackish  and  clear;  III.  dirty  yellow  and  clear;  TV. 
colorless  and  clear;  V.  slightly  opalescent;  VI.  slightly  brownish  and  opal- 
escent. On  addition  of  ammonium  sulphide,  I.  became  brown;  U.  remained 
unaltered;  ni.  remained  unaltered;  IV.  became  black  and  opaque;  V.  became 
brown  and  clear;  VI.  became  pure  yellow  and  clear. 

Cobalt  sulphide  and  ferrous  sulphide  behaved  in  an  exactly  similar  manner. 
It  is  piain  that  these  sulphides  oxidize  more  rapidly  when  the  wash-water  con 
tains  ammonium  chloride,  unless  ammnnium  sulphide  is  also  present.  Hence 
it  is  necessary  to  wash  with  a  fluid  containing  ammonium  sulphide;  and  the 
addition  of  ammonium  chloride  at  first  is  much  to  be  recommended,  as  this 
diminishes  the  likelihood  of  our  obtaining  a  muddy  filtrate. 

48.  Defortkbrt  of  Cobaltodb  Hydroxide  pbecipitated  by  Alkalibb 
(to  %  80,  a). 

A  solution  of  cobaltous  chloride  was  precipitated  tolling  with  solution  of 
soda,  and  the  precipitate  washed  with  boiling  water  until  the  filtrate  gave  no 
longer  the  least  Indication  of  presence  of  chlorine.  The  dried  and  ignited 
residue,  heated  with  water,  manifested  no  alkaline  reaction.  It  was  reduced  by 
Ignition  in  hydrogen  gas.  and  the  metallic  cobalt  digested  hot  with  water.  The 
decanted  water  manifested  no  alkaline  reaction,  even  after  condderable  con- 
centration ;  but  the  metallic  cobalt,  brought  into  contact,  moist,  with  turmeric 
paper,  imparted  ta  the  latter  a  strong  brown  color. 
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47.  SOLtiBiLiTT  OF  Lrad  Carbonatb  (to  §  83,  a). 

a.  In  purt  Water. 

Iteceolly  precipitated  and  thotoughly  vashed  pure  lend  cKTboiute  wu 
digested  for  8  days  with  water  at  the  conuaon  tanperature,  wiih  freqneni 
BliakiDg.  84-42  gna.  of  the  filtrate  wera  evaporated,  with  addiciOD  of  woe 
|iure  sulphuric  acid;  tlie  residuary  lead  sulphate  weighed  0*0018  grnL.  whicli 
ForrcspoDds  to  000167  lead  carboaale.  One  part  ot  the  latter  salt  disscdns 
therefore  in  S0551  porta  of  water.  The  aolntlon,  mixed  with  lijdrogen  sulphide 
viiier.  remained  perfectly  colorleee,  not  the  least  tint  beiog  detected  id  it,  tno 
u|)un  looking  through  it  from  the  top  of  the  test^linder. 


A  hi^ly  dilute  solution  of  pure  lead  acetate  was  mixed  with  ammODium 
carbonate  and  ammonia  in  excess,  and  the  mixture  gently  heated  aad  tbra 
allowed  to  stand  at  rest  for  several  days.  64'43  gnn.  of  the  filtrate  left,  upon 
evaporation  with  «  little  sulphuric  acid,  0-0041  grm.  lead  sulphate,  whioh 
corresponds  lo  0-0036  of  the  carbanate.  One  part  of  the  latter  salt  requins 
accordingly  28450  parts  of  the  above  fluid  for  solution.  Tbe  solution  w.x< 
mixed  with  hydrogen  sulphide  water;  when  looking  through  the  fluid  from  liif 
top  of  the  test-cyiioder,  a  distinct  coloration  was  visible;  but  when  tookine 
through  the  cylinder  laterally,  this  coloration  was  hardly  perceptible.  Tracts 
of  lead  sulphide  separated  after  the  lapse  of  some  time. 


A  highly  dilute  solution  of  lead  acetate  was  mixed  with  nitric  acid.  tb«n 
with  ammonium  carbonate  and  ammonia  in  excess;  the  mixture  vas  genilv 
bested,  and  allowed  to  stand  at  rest  for  8  days.  The  filtrate,  mixed  villi 
hydrogen  sulphide,  exhibited  a  very  distinct  brownish  color  upon  luokio^ 
through  it  from  Ibo  top  of  the  cylinder;  but  this  color  appeared  vety  sligbi 
only  when  looking  through  the  cylinder  laterally.  Tbe  amount  of  lead  dissolvcii 
was  unquestionably  more  considerable  than  in  b. 

48.  SoLiTBHJTT  OP  Lead  Oxaiatk  (to  §  88,  b). 

A  dilute  solution  of  lead  acetate  was  precipitated  with  ammoniam  oxabtr 
and  smmouia,  the  mixture  allowed  to  stand  at  rest  for  some  time,  and  thtii 
filtered.  The  filtrate,  mixed  with  hydrogen  sulphide,  comported  Itself  exadly 
like  Hie  flltrute  o(  No.  47,  b.  The  same  deportment  was  observed  in  anoIlKi 
similar  experiment,  in  which  ammonium  nitrate  had  been  added  to  the  solnlioo. 

48.  SoLCBiLrrir  op  Lead  Sulphate  in  Pukb  Water  (to  §  83.  d). 

Thoroughly  washed  and  still  moist  lead  sulphate  was  digested  for  5  d»v» 
with  water,  at  10—1.^',  with  frequent  shaking.  8443  grm.  of  the  filtrate  (fllleml 
off  nt  11°)  left  00037  grm.  lead  sulphate.  Consequently  1  part  of  this  salt 
requires  32818  parts  of  pure  water  of  11°  for  solution. 

The  solution,  mixed  with  hydrogen  sulphide,  exhibited  a  distlDCl  bro«n 
color  when  viewed  fmm  the  top  of  the  cylinder,  but  Uils  color  appeaitd  vtij 
■light  upon  looking  through  the  cylinder  latemlly. 
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60.  SomBiLnr  of  Lead  Shi-phatb  in  Watkb  coHXAiwniH  Suijhukic 
Acid  (to  %  8S,  d). 

A  highly  diluto  solution  of  lead  ttcetate  was  mixed  'with  an  excess  of  dilute 
pure  sulphuric  acid;  the  mixiurv  was  veiy  gently  heated,  and  tbe  precipitate 
allowed  several  days  tu subside.  8081  gtm.  of  tbe  fllirate  left  0'0023 grm.  lead 
sulphate.  One  part  of  this  salt  dissolves  therefore  in  86504  parts  of  water  coo- 
taiuiug  sulphuric  acid.  The  sohitinu.  uuxed  with  hydrogen  sutpliidc,  iippearcd 
colorless  to  the  eye  lookiu.:?  llirouijh  iliu  oyiiuder  laltruliy,  aud  very  little  darker 
when  viewed  fiom  the  top  of  the  cyiluder. 

51.  SoLDBiLiTT  ov  Lead  Slxphatb  ra  Water  coktainimg  AinfOHicu 
Salts  and  fiieb  Sulfhubic  Acid  (to  §  8S,  d). 

A  highly  dilute  solution  of  lead  acetate  was  mixed  with  a  tolerably  large 
amount  of  ammooium  nitrate,  and  Bulphuric  acid  in  excess  added.  After 
several  days'  standing,  the  mixture  was  filtered.  The  filtrate  was  nearly 
indiSerent  to  hydrogen  sulphide  water;  viewed  from  the  top  of  the  cylinder,  it 
looked  hardly  perceptibly  darker  than  pure  water. 

68.  Dbfobthsnt  of  Lead  Suuhate  upon  Ionttioii  (to  g  83,  d). 

Speaking  of  the  determination  of  the  atomic  weight  of  sulphur,  Erdmanh 
and  Mabohand*  state  that  lead  sulphate  loses  some  sulphuric  ncid  upon 
ignition.  In  order  to  inform  myself  of  the  extent  of  this  loss,  and  to  ascertain 
bow  far  it  might  Impair  the  accuracy  of  the  method  of  determiuing  lead  as  a 
sulphate,  I  heated  3*2101  gnn.  of  absolutely  pure  PbSoi  to  tbe  most  intense 
redness,  over  a  spirit-larop  with  doulili;  draught.  I  could  not  perceive  the 
slightest  decrease  of  weight;  at  all  events,  the  loss  did  not  amount  toO'OOOl  grm. 

53.  DBPoaTMKHT  OF  Lead  Sulphidb  ok  DitTiNa  at  100°  (to  §83,/). 

Lead  Hnlpbide  was  precipitated  from  a  solution  of  pure  lead  acetate  with 
hydrogen  sulphide,  and  when  dry,  kept  for  a  considerable  time  at  100°  and 
weighed  occasionally.  Tbe  following  numbers  represent  tbe  results  of  tbe 
several  weighings: — 

I.  0-8154        IL  0-8164.        III.  08818.        IV.  08460.       V.  0-864 

04.  Depobthent  or  Metallic  MsRCintT  at  the  Comioii  Tbhfbhature 
AKD  upon  Ebtillitioiii  with  Wateb  (to  §  84,  a). 

To  ascertain  in  what  manner  loss  of  roetaJlic  mercury  occurs  upon  drying, 
and  likewise  upon  boiling  with  water,  and  to  determine  which  is  the  best 
method  of  drying,  I  made  the  following  experiments: — 

I  treated  6'4418  grm.  of  perfectly  pure  mercury  in  a  watch-glass,  with  dis- 
tilled water,  removed  tbe  water  again  as  far  as  practicable  (by  decanlation  and 
finally  by  means  of  blotting-paper),  and  weighed.  I  now  had  6'4413  grm.  After 
several  hours'  exposure  to  tbe  sir,  tlic  mercury  was  reduced  to  6-4411.  I  placed 
these  6-4411  grm.  under  a  bell- jar  over  sulphuric  acid,  the  temperature  being 
about  17°.  After  tbe  lapse  of  24  hours  the  weight  had  not  altered  in  the  least. 
I  introduced  the  0'4411  grm.  mercury  into  a  flask,  treated  it  with  a  copious 
quantity  of  distilled  water,  and  boiled  for  10  minutes  Potently.  I  then  placed 
the  mercury  again  upon  the  walcli-glass.  dried  it  most  carefully  with  blottiog- 
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paper,  and  weighed.  The  weight  waa  dow  6-4408  grm.  Finding  that  a  tnee 
of  mercury  had  adhered  U>  the  paper,  1  repeated  the  same  experimeat  with  iba 
6-4402  grm.  After  15  minutes'  boiling  with  water,  the  mercury  had  ^ain  lou 
0-4004  grm.  The  remaiaiDg6'4888grm.  icere  exposed  to  the  air  for  6  days  (is 
summer,  during  very  hot  weather),  afUr  which  tbe^  were  found  lo  have  ka 
only  OOOOa  grm. 

55,  Deportkent  of  Hbrcdric  SuLpmuB  with  Boumoii  ow  Potasu. 
Ammonivm  Sdlphidk,  etc.  <to  g  S4,  e). 

a.  If  recently  precipitated  pure  mercuric  sulphide  is  boiled  with  pure  sohi, 
tion  of  potassa,  not  a  trace  of  It  dissolves  Id  tbat  fiuid;  hydrochloric  sdii 
produces  no  precipitate,  nor  even  the  least  coloration,  in  the  filtrate. 

b.  If  mercuric  sulpliide  is  boiled  with  solutioa  of  potossa,  with  addiiioo  of 
some  liydrogcn  sulphide  water,  ammonium  sulphide,  or  sulphur,  complete 
solution  is  eSccted. 

e.  If  freshly  precipitated  mercuric  sulphide  is  digested  in  the  cold  with 
yellowish  or  very  yellow  ammonium  sulphide,  slight  but  distinctly  perceptible 
[races  arc  dissolved,  while  in  the  case  of  hut  digesLion  scarcely  any  Incei  of 
mercury  can  be  detected  in  the  solution.' 

d.  Thoroughly  washed  mercuric  sulphide,  moistened  with  water,  suffers  no 
alteration  upon  exposure  to  the  air;  at  least,  the  fluid  which  I  obtained  by 
washing  mercuric  sulphide  which  had  been  thus  exposed  for  24  houre,  did  nu 
manircst  acid  reaction,  nor  did  it  contain  mercury  or  sulphuric  axAd. 

B6.  Detobtmest  of  CijpBtc  Ohdb  upoit  lonrnOK  (to  g  B5,  by 

Pure  cupric  oxide  (prepared  from  cupric  nitnte)  was  ignited  In  a  platiRnm 
crucible,  then  cooled  under  a  belljar  over  sulphuric  acid,  and  finally  wei^ied. 
The  weight  waa  S'542  grm.  The  oxide  was  then  most  intensely  ignited  tix 
5  minutes,  over  a  Bbbzelids'  lamp,  and  weired  as  before,  when  the  wdgbt 
waa  found  unaltered :  the  oxide  was  then  once  more  ignited  for  5  miDutee.  bot 
with  the  same  result. 

67,  DEPORTUBtrr  of  Cupbio  Oxidb  nr  thb  Aia  (to  g  85,  *>. 

A  platinum  crucible  containing  4-8921  grm.  of  gently  ignited  cupric  oxide 
(prepared  from  the  nitrate)  stood  for  10  minutes,  covered  with  the  lid.  In  a 
warm  room  (in  winter);  the  weight  of  the  oxide  was  found  to  have  increased  to 
4-8089  grm. 

The  oxide  was  then  intensely  ignited  over  a  spirit-lamp;  after  10  minuter' 
standing  in  the  covered  crucible,  the  weight  had  not  perceptibly  increased; 
after  24  botm'  it  had  increased  by  0i)D86  grm. 

66,  Dbportkent  of  BiaurrTR  Sulphidb  tJPOM  sbttko  at  100°  (to  g  SB. ;). 

0'455S  grm.  of  bismutb  sulphide  prepared  in  the  wet  way  were  placed  in 
the  desiccator  on  a  watch-glass,  and  allowed  to  stand  at  the  common  tempen- 
ture.  After  8  hours  the  weight  was  04370,  after  6  hours  04358,  after  8  day* 
the  same, 

0'8603  grm,  of  the  bismutb  sulphide  so  dried  was  put  Into  awater-balh,  in 
16  minutes  it  weighed  0'8S96,  btXt  an  hour  afterwards  0-3500,  in  half  an  hour 
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more  0*8608,  in  two  hours  0'8636.    In  &  second  experiment  the  drying  vas  kept 
up  for  4  dajB.  and  a  coutiuul  increase  of  weight  was  obeerred. 

00081  grin,  of  bismuth  Bulpbide  dried  in  the  desiccator  was  lieated  In  a 
boat  in  a  stream  of  carbonic  acid.  After  gentle  ignition  the  weight  was  O'oOOS, 
after  repeated  heating  0'4992.  The  blRnnth  sulphide  was  vlsiblf  Tolatlllzed  on 
ignition  in  the  current  of  carbonic  acid. 

C9.  Depobtmickt  of  CiJ>MiuH  Sulphide  wfth  AmomA,  etc.  (to  §  87,  e). 
Recently  precipitated  pure  cadmium  sulphide  was  diffused  tlirough  water, 
and  the  following  experiments  were  made  wilh  the  mixture: 

a.  A  xnrtioii  was  digested  cold  with  ammonia  In  excess,  and  filtered.  The 
filtrate  remKioed  perfectly  clear  upon  addition  of  hydrochloric  add. 

b.  Another  portion  was  digested  hot  with  excess  of  ammonia,  and  filtered. 
This  filtrate  likewise  remained  perfectly  clear  upon  addition  of  hydrochloric 
acid. 

e.  Another  portiou  was  digested  for  some  time  with  solulioa  of  potassium 
cyanide,  and  filtered.  This  filtrate  also  remaned  perfectly  clear  upon  addition 
of  hydrocUoric  acid. 

d.  Another  portion  was  digested  with  ammonium  hydrosulptiide,  and 
filtered.  The  turbidity  wliich  hydrochloric  add  imparted  to  this  flltiate  was 
pure  white. 

(A  remark  made  by  Wackebroder,  in  Bdcbneb's  liepertoT.  d.  Pham., 
xlvi.  S26,  induced  me  to  taake  these  experiments.) 

60.  Dbportkemt  of  PBEdPrrATKD  AHTtMomotJS  Sulphide  ok  Bbtinq 

(to  %  90.  a). 

0-2809  gnn.  of  pure  precipitated  anttmonious  sulphide  dried  in  the  desiccator 
lost,  when  dried  at  100°.  O'OOOT, 

0'4457  grm.  of  the  substance  dried  at  100°  lost,  when  heated  to  blackening 
In  a  stream  of  carbonic  add,  O'OOll  water. 

01982  grm.  of  the  substance  dried  at  100°  gave  up  00013,  when  heated  to 
blackening  in  a  stream  of  carbonic  acid,  and  after  stronger  hestiog,  during 
which  fumes  of  antimony  sulphide  began  to  escape,  the  total  loss  amounted  to 
0-0023  grm. 

01670  grm.  of  the  substance  dried  at  100°  lost  0-OOOS  grm.  on  being  heated 
to  blackening  in  a  stream  of  carlmnic  ac<d. 

61.  AMOorr  op  Water  in  Htdiutbd  Silica  (to  g  98,  9). 

^Sxp«rim«nU  made  by  my  auittatit,  Mr.  Lipfskt.) 
A  dilute  Bolutton  of  soluble  glass  was  slowly  dropped  into  hydrochloric  add, 
as  long  as  the  predpltate  continued  to  dissolve  rapidly,  then  the  clear  fluid  was 
lieated  in  the  water-bath,  till  it  set  to  a  transparent  jelly.  This  Jelly  nas  dried 
as  far  as  pos^ble  with  blotting  paper,  diffused  in  water,  and  washed  by  decan- 
tation  till  the  fluid  altogether  ceased  to  give  the  chlorine  reaction.  It  was  then 
transferred  to  a  filter,  and  the  latter  spread  on  blottiog  paper  and  exposed  till  a 
crumbly  mass  was  left  from  the  spontaneous  evaporation  of  water.  One  bait 
^I.)  was  dried  for  8  weeks  in  the  desiccator  over  sulphuric  acid,  with  occasional 
trituration,  the  other  half  (11.)  was  dried  under  similar  circumstances,  but  in 
a  vacuum.  Both  were  transferred  to  closed  tubes  and  these  were  kept  in  ttie 
desiccator. 
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lliG  weighlog  o[  the  aubglance  dried  at  100°  was  effected  between  wUcb 
glusea.  For  the  purpose  of  igDiting  Uie  residue,  it  was  allowed  to  satiate  iledf 
wilb  aqueous  vapor  by  exposure  to  [he  air.  otberwisc  a  cuDHidenble  quantiij-  of 
tbe  subetance  would  hare  been  lost,  tben  water  was  dropped  upon  it  in  the 
walch-glBBB,  thea  it  was  rinsed  into  a  platiaucn  crucible,  dried  in  a  water-balh. 
nitd  igDiled,  at  first  cautiously,  towards  the  end  inlenaety. 

Tbe  substance  I.  contained                                        Bxpt  i.  Eqt  a. 

Water,  escaping  at  or  below  100'.. 41»  (  j^^jg 

above  100' 4-76  f 

Silica 6105  W-73 

lOOOO         10000 

Consequentlj  the  hydrate  dried  at  100°  conrists  of  4-07  water  and  05-03  sflka. 
In  the  subsiance  dried  in  tbe  desiccator  tbe  ojygen  of  ibe  total  water:  the 
ozvgen  of  tbe  silica  (SiOi),  according  to  tbe  fltst  experiment  : :  I  :  6'1,  accoidiDg 
to  the  second  experiment  : :  I ;  5-60.  And  in  die  substance  dried  at  100°  the 
oxygen  of  Ihe  waler  :  tbe  oxygen  of  the  silica  :  :  1  :  II'S. 

The  substance  tl.  contidned                     Eipt.1.  Expts.  Bqit.& 

Water,  escupiog  at  or  below  100* 475  4  71  (  juj. 

above  100° 5'3«  5-31  f 

BUica SS-OQ  9008  90O5 

10000       100-00        100-00 

Consequently  the  hydrate  dried  at  100°  consists  on  the  average  of  5-4B  water 

and  04'SI  silica.  In  the  substance  dried  in  a  vacuum  over  sulphuric  acid  the 
oxygen  of  tlie  total  water  :  tbe  oxygen  of  the  silica— on  an  average  :  ;  1 : 5-41. 
And  in  tbe  substance  dried  at  100°  Ibe  oxygen  of  the  water  :  the  oxygen  of  the 
silica  :  :  1  :  1043. 

62.  Deterhinatioh  of  Babiuu  bt  PaaciFrrATioN  with  Akmohidh  Cab- 
BONATE  (to  g  101,  SS,  a). 

0'T553  pm.  pure  ignited  barium  chloride  precipitated  after  g  101.  9,  a,  g$n 
0-7142  BaCO,,  which  corresponds  to  0-554710  BaO  =  78-44  per  cent  (100  part» 
of  BaCli  ought  to  have  given  78-50  parts).  The  resalt  accordingly  was  90-<t 
instead  of  100. 

63.  Determination  of  Bakiuu  in  Organic  Salts  (to  §  101,  2,  b). 

0-886  grm.  barium  racemale,  treated  according  to  §  101,  2.  6.  gave  0*16 
barium  carbonate  =  O'SlttO  BaO  =  4620  per  cent  (calculated  46-38  per  cent.1: 
i'.e.,  00-61  instead  of  100. 

64  Dbteruination  of  Btbosttom  as  Strontium  Sdlphatb  (to  §  108. 
1.0). 

a.  An  aqueous  solution  of  1  -3808  grm.  SrCli  was  precil^taled  with  sulpbniic 
acid  in  excess,  and  the  precipitated  strontium  Eulpbate  washed  with  wal^.  !■ 
weighed  1-4113,  which  corresponds  to  0'7B5408  SrO  =:  6415  per  cent.  (c&lcoLU^ 
65-38  per  cent.):  te.,  08-13  iostend  of  100. 

b.  11510  grm.  SrCOi  woa  diasoived  in  excess  of  hydrochloric  acid,  tbe  so** 
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tlon  diluted,  and  tben  precipitated  with  sulphuric  acid;  the  precipitated  SrSOi 
was  washed  with  water;  it  weighed  IWU  =  079039  8rO  =  68-68  per  cent 
(calculated  70-07  per  cent.);  i.e..  98.08  instead  of  100. 

65.  BSTBRUINATIOII    Of    BtBONTICX   AS   SuiiPHATE,   WITS   COBSBCriOH   (to 

S  102,  1.  a). 

The  fiitrate  obtaiaad  in  No.  6i,  b,  weighed  190'81  gnn.  According  to  experi- 
raenl  No.  23,  11662  parts  of  water  containing  sulphuric  acid  dissolve  1  part  of 
stroQtium  nilpbate;  therefore,  190'84  grm.  diesolre  0-0161.  The  vxuhmgt 
weighed  6361  grm.  According  to  experiment  No.  31,  6895  parts  of  water 
dissolve  1  part  of  SrSOt  1  therefore,  63-61  grm.  dissolve  0-0093  grm. 

Adding  00161  and  00063  to  the  1  -«)34  actually  obtained,  we  find  the  total 
amount  =  1-4377  grm.,  which  corresponds  to  0-80465  8rO  =  69-81  per  cenL  in 
SrCOi  (calculated  70-07  per  ceuL);  «'.«.,  99-77  instead  of  100. 

66.  DSTBBMIBATIOK  OF  STRONTIUM  AS  StBONTIUX  CaBBONATB  (tO  g  102,  2). 

1-S104  grm.  atroutium  chloride,  precipitated  according  to  §  102,  2,  gave 
1-3304  BrCO,,  conlaining  0  8551831  SrO  =  6526  per  cenL  (calculated  65-38); 
te.,  99-83  instead  of  100. 

Ik  the  four   following   EXFBRIlfENTB,    AND  ALBO   TN   NO,    72,    PUBB  AIR- 

dried  calcium  carbonate  was  uaed,  in  a  portion  of  which  the  amount  of  anhydrous 
carbonate  had  been  determined  by  very  cautious  heating.  0'T64T  grm.  left 
0-7581  grm.,  which  weight  remained  uoaltered  upon  further  (extremely  gentle) 
ignition;  lAe  air-dried  carbonate  contained  aeeordingiy  55'S16  per  cent,  ofUme. 

67.  Dbtkemdjation  of  Calciuu  as  CALCiua  Sulphate  bt  PBECtpn-ATioii 
(to  §  108,  1,  a). 

1-166  grm.  of  "the  air-dried  calcium  carbonate"  was  dissolved  In  hydro- 
chlonc  acid,  and  the  solutiou  precipitated  with  sulphuric  acid  and  alcohol,  after 
g  103.  1,  a.  Obtained  l-59«  gim.  CaSO,.  containing  065598  CaO,  i.e.,  flfi'81 
per  cent,  (calculated  55-51),  which  gives  09-64  instead  of  100. 

CaCO,,  Bv  PaEcnriATios   with 
■H  Puna  Water  (to  §  103,  2,  a). 
A  hydrochloric  acid  solution  of  1-1487  grm.  of  "  the  air-dried  calcium  car- 
bonate" gave  upon  precipitation  as  directed,   11343  grm.  anhydrous  calcium 
carbonate,  corresponding  to  0'629603   CnO  =  55'OS  per  cent,  (calculated  65-51 
per  cent.),  which  gives  9B'17  instead  of  100, 

69.  Dbtbrmihation  of  Calcium  as  CaCO,,  by  PiuECtprrA-nos  with  Akko- 
Hicx  Oxalate  from  Alsalibb  Solution  (io  g  103,  2.  b.  a). 

1-17S4  grm.  of  "  the  air-dried  calcium  carbonate"  dissolved  in  hydrochloric 
acid,  and  treated  as  directed  §108.  2.  h.  a,  gave  1-1033  grm.  CaCO,  (reaction 
not  alkaline).  contMntng  0-651803  of  CaO  =  55513  per  cent,  (calculated  60-616 
per  cent),  which  gives  09-90  instead  of  100. 

70.  Dbtbricihation  of  CALCiraf  as  Oealatb  (to  g  103,  2,  b,  a). 

0'6I77  grm.  of  "the  air-dried  calcium  carbonate"  were  dissolved  !a  hydro- 
diloric  acid;   the   solution  was   precipitated  with   ammonium   oxalate   and 
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ammonU,  the  precipitate  waahed,  aud  then  dried  at  100°,  udUI  the  wd|^l 
renuuned  constaut.  The  precipitate  (CaCiOi  -f  HiO)  weighed  1-3101  gtm.  cot- 
tBiulagO'4TT879CaO  =  SS'T6  per  cent,  {calculated  63-616  per  cent.),  which  gim 

100-40  inBtead  of  100. 

71.  VoLDUETBic  Dbtbbidhatiom  OF  Calciuv  PBECiPiTATeD  jlb  OxALum 
(to  %  108.  a.  b,  a). 

Six  portions,  of  10  c.c  each,  were  taken  of  a  solution  of  pure  calcinin 
cbloride;  In  2  portions  tlie  calcium  was  determined  in  the  gnvimetric  way  (trf 
precipitation  with  ammonium  oxalate,  and  weighing  CaCOi);  in  two  bjrihe 
nlkalimetrlc  method  (p.  286),  and  in  two  b;  precipitation  with  ammaniuin 
oxalate,  and  estimation  of  the  oxalic  acid  in  the  precipitate  bj  Bolution  of  potas- 
sium permanganate.     The  followhig  were  the  results  obtained: 

a.  In  the  gravimetric  b  Bj  the  alkallmettic       e.  Bj  solution  of  potas- 

way,  method.  mom  permanganate. 

06617  CaCO.  06614  0-561S 

OSeSO     ■■  0-5620  0-5620 

73.  UXTKBiaNATIDN  OF  CALCrUH  AS  CbCOi  BT  pKBCtPITATIOlT  AS  CALCITX 
OXAI^TE  FROM  ACID  BoLTITIOTt  (to  g  108,  2,  b,  /t). 

O'SST  grm.  of  "the  air-dried  calcium  carbonate"  disaolTed  in  hydrochloric 
acid  and  precipitated  from  this  solution  according  to  the  directions  of  g  WS,  t, 
b,  >3,  gave  0*8476  calcium  carbonate  (which  did  not  manifest  alkaline  reaction, 
and  the  weight  of  which  did  not  vary  in  the  least  upon  evaporation  with 
ammoaium  carbonate),  containing  0-474656  CaO  :^  6S'39  per  cenL  (calculated 
66-61),  which  gives  99-78  instead  of  100. 

78.  Determination  of  UAOSBBruH  as  MgiPiOi  (W  §  104,  2). 

a.  A  solution  of  1  0687  grm.  pure  anhydrous  magnesium  sulphate  in  water, 
precipitated  according  to  g  104,  2,  gave  09834  magnciiium  pyrophosphate,  con- 
taining 0-86138  MgO  ==  38-476  per  ceuL  (calculated  8383  per  cent),  which  gives 
100-48  instead  of  100. 

6.  0'e672  HgSO,  gave  0-8074  Mg,F,0,  =  88-48  per  cent,  of  HgO  (oJcuUted 
83-88,  whkh  gives  10080  instead  of  100. 

74.  PRBCiPiTATioiir  or  Zmc  Acetate  bt  Hvsbookk  Sui.phide  (to  g  108.  h\ 

a.  A  soluble  of  pure  zinc  acetate  was  treated  with  the  gas  in  excess,  allowed 
to  stand  at  rest  for  some  time,  and  then  filtered.  The  filtrate  was  mixed  with 
ammooia.  It  remained  perfectly  clear  at  first,  and  even  after  long  standing  t 
few  hardly  visible  flakes  only  had  separated. 

b.  A  solution  of  zinc  acetate  to  which  a  tolerably  large  amount  of  aeecic  acid 
bad  been  added  previously  to  the  precipitation  with  hydrogen  sulphide,  showtd 
exactly  the  same  deportment. 

76.  Dbtbrihkation  of  Ibom  ab  Sulthidb  (to  §  118,  8). 

10  cc.  of  a  pure  aoludon  of  ferric  chloride  waa  precipilaled  with  nniiiwmt: 
obtained  01458  Fe.O.  =  010171  Fe. 

10  c.c.  was  precipitated  with  ammonia  and  ammonium  sulphide,  and  treated 
after  §  118,  2,  obtained  01596  Fe8  =  010157  Fe. 

10  cc  again  yielded  0.I606  Fe8  =  0-1081  Fo. 
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76.  DetskuisilTios  of  Lkaxi  as  Chromatc  (to  g  UB,  4). 

1-008S  gnn.  pure  lead  nitrate  were  trculed  ncoording  u>  %  116,  4.  The  pre- 
cipitate was  collected  oa  a  weigtied  filter,  sud  dried  nt  100°,  obtained  O'&STl 
gna.  =  0'6T8S3  PbO.    This  gives  67*8  per  cent.    Calculiilion  67-4 

0-9814  lead  nitrate  again  yieided  0-94133  ctiromalc  =  67.4  per  ceni. 

77.  Dbtbbmination  of  Hercurt  m  the  Metallic  State,  in  the  Wbt 
Wat,  bt  Meanb  of  Stasnous  Chloride  (to  §  118,  1,  b). 

21)1  grm.  mercuric  chloride  gave  l'465gnn.  metallic  mercury  =  T3'S8  per 
cent  (calculated  78-88  per  cent),  which  giTCH  9671  instead  of  100  (Schaffbbr). 
The  loaa  is  not  inherent  in  Ihe  method,  i.e.,  it  does  not  arise  from  mercuiy 
evaporating  during  the  ebullition  and  desiccation  (Eipt.  No.  64);  but  its  origin 
Ilea  in  the  fact  that  one  usually  does  not  allow  sufficient  time  for  tlie  mercury  to 
settle  quite  completely,  and  in  general  is  not  careful  enough  in  decanting,  and 
drying  with  paper,  Ac. 

78.  Dbtkrmejatioh  of  Coppeb  by  Pbkciwtatioii  wtth  Zdjc  m  a  Pla- 
TiNUK  DiBH  (to  g  lie,  3). 

80883  grm.  pure  cupric sulphate  were  dissolved  in  water  to  250 c.c. ;  10  c.c. 
of  the  solution  contained  accordingly  0-81387  gnn.  metallic  copper. 

a.  10  C.C  precipitated  with  zinc  in  a  platinum  dish,  gave  0-8140  =  100-00 
percent. 

b.  In  a  second  experiment  10  cc.  gave  0-8IS8  =  100  per  cent. 

80.  DBTERuiHATion  OF  Coffer  as  CuFRors  SmjiBoCTAitATB  (to  g  119, 
8,  &). 

O'Sess  grm.  of  pure  cupric  sulphate  was  dissolved  in  a  little  water,  and,  after 
addition  of  an  excess  of  sulphurous  acid,  precipitated  with  potassium  aulphocy- 
anate.  The  well-washed  precipitate,  dried  at  100',  weighed  0*2893,  correspond- 
ing to  0-1882  CuO  =:  Sr72  percent.  As  cupric  sulphate  contains  81 '8S  pet 
cent.,  this  gives  9966  instead  of  100. 

81.  DKTEiunNATioN  OF  CoppER  BT  De  Haeh's  Hbthod  (to  §  119,  4,  a). 
Pour  10  c.c.'fl  of  ft  solution  of  cupric  sulphate,  each  10  cc,  containing  0-0254 

grm.  Cu,  were  severally  mixed  with  potassium  iodide,  tben  with  SO  c.c.  of.  a 
solution  of  sulphurous  acid  (50  c.c  corresponding  to  13'M  c.c  iodine  solution). 
After  addition  of  statcb  paste,  iodine  solution  was  added  until   the   fluid 
appeared  blue. 
This  lequired,— 

In  a,  4D0 

i,  8-9B 

<!,  406 

ti,  8  95 

Ab  100  c.c  of  Iodine  solution  conli^ned  068048  grm.  iodine,  this  gives— 

For  a,  00206  Cu  instead  of  0-02S4 


"    d,  0-0260 
Another  experiment,  made  with  100  c.c.  of  the  same  solution  of  cupric  sul- 
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l>li;ii(.>,  gave.  O'i9006  instead  of  0'351  of  copper.  AmmoDium  nitrate  liaving  been 
added  to  10  cc.  of  the  solutioD  of  cupric  sulphate,  tbea  some  dilute  hfdin- 
uliloric  tf^d,  3-4  and  85  c.c.  of  iodine  soiution  were  required  instcud  of  4  cc— 
a  proof  tliat  considerabijr  more  iodine  bad  sep&rated  than  correspomled  to  lliv 
copper. 

83.  PRKCIFITATION   OF  BiSICUTH  NiTBATS  BT  AMMONIUH  CARB<K<ATE  (^0 

S  120,  1,  a). 

If  a  BolutioQ  of  bismutti  nitrate,  no  matter  nbetlicr  contaioiDg  much  or  litile 
free  nitric  acid,  is  mixed  witb  water,  precipitated  with  ammoDluin  carbonale 
and  ammoDia,  and  filtered  witliout  applying  heat,  the  filtrate  acquires,  upon 
addition  of  hydrogen  sulphide  water,  a  blackish -brown  color.  But  if  Ibc 
mixture  before  fllteriog  is  healed  for  a  short  time  nearly  to  tmiling,  lijdn>gtn 
sulphide  falls  10  impart  this  color  to  the  filtrate,  or,  at  all  events,  tlie  change  of 
color  is  hardly  viuble  to  the  eye  looking  through  the  full  test-tube  from  the  lop^ 

84.  Dktermisatioh  of  Artihont  as  Sulphide  (to  g  135.  1). 

0559  grm.  of  pure  air-dried  tartar  emetic,  treated  according  to  §  125. 1. gave 
0'2902  grm.  anlimonious  Bulphido  dried  at  100°  =  ■9492  grm.  or  4458  per  cent, 
of  antimoDioiis  oxide.  Heated  to  blackening  in  a  current  of  carbonic  acid,  the 
precipitate  lost  0'0079  grm.  (reckoned  from  a  part  to  the  whole),  leaving  accoi^- 
ingly  0'283S  grm,  of  anhydrous  antimonious  aulphide,  which  corresponds  to 
0'!M245  grm.,  or  43'S7  per  cent,  of  antimonious  oxide.  Aa  the  tartar  omeiif 
contains  48'70  per  cent,  of  antimonious  oxide,  the  processgives,  if  the  precipiia:e 
is  dried  nt  100°,  10301 ;  if  heated  to  blackening.  99'33  instead  of  100. 

es.  DETERMtNATiON  or  Phobpbokic  Acid  as  Uaonehiox  Ptbophosphatz 
(10  §  184.   6.   a). 

1*9159  and  3.0860  grm.  pure  CTTstalllzed  sodium  hydrogen  pbos(Aale,  treated 
as  directed  g  184.  b,  a,  gave  05041  and  0'M94  grm.  of  magnesium  pyrophoi^ 
phtite  respi'clively.  These  give  lO'SS  and  10-91  per  cent,  of  PiOt  in  sodium 
hydrogen  phosphate,  instead  of  19'83  per  cent. 

.  90.  Determinatiok  op  PnoaPHonic  Acid  as  Uiustl  Ptropbospbate 
(lo  §  134,  e). 

SO  c.c.  of  a  solution  of  pure  sodium  hydrogen  phosphate,  treated  with 
magnesium  sulphate,  ammonium  chloride,  and  amnionin,  aa  directed  g  134,  t,  a, 
jnive  0'8260  grm.  of  magnesium  pyrophosphate.  10  c.c.  contained  accordingly 
046083  grm.  of  phosphoric  anhydride. 

10  c.c.  of  the  same  solution  were  then  precipitated  with  uianyl  acetate  u 
directed  %  134.  c.  The  ignited  precipitate  was  treated  with  a  little  nitric  acid. 
then  again  ignited  ;  after  cooling,  it  weighed  03478  grm.  corresponding  to 
0'06954  grm.  of  phosphoric  anhydride. 

01.  Detkrminatiow  of  Puke  Htbrooen  StnjHiDK  bt  Mbans  of  Souf 
TION  OP  lOMNE  (to  §  148.  I.,  a). 

The  eiperiments  were  made  to  settle  the  following  questloits: — 


by  Google 


ANALYTICAL  EXPEBIMENTS.  831 

a.  Does  the  quantity  of  iodine  required  remain  tlie  aame  for  Bolutions  of 
hydrogen  sulphide  of  different  degrees  of  dilution^ 

ft.  Ooea  the  equation  Hi8  +  !■  =  SHS  -I-  B  rcaily  represent  the  decomposition 
which  lakeB  place? 

The  hydrogen  sulphide  water  was  contained  in  a  flask  closed  by  a  doubly- 
perforated  cork;  into  one  aperture  a  siphon  with  pincbcock  was  fitted,  to  draw 
off  the  fluid ;  into  the  other  aperture  a  Hbort  open  tube,  wliich  did  not  dip  into 
the  fluid. 

Question  a, 

a.  Atwut  30  c.c.  of  iodine  solution  were  introduced  into  a  flask,  wUch  was 
then  tared;  hydrogen  sulphide  water  was  added  until  the  yellow  color  bad  just 
disappeared.  Tbe  flask  was  then  closed,  weighed,  starch  paste  added,  and  then 
solution  of  iodine  until  the  fluid  appeared  blue. 

70'2  gnn.H,S  water  required  2S'4  c.a  iodine  solution,  100  accordingly 

6S'4  grm.  required  23'T  c.c.  iodine  solution,  100  accordingly  SS'SO  C.C, 
A  Same  process;  but  the  fluid  was  diluted  with  water  free  from  air. 

61'S  grni.HgSwBter-f-300grni.  water  required  20'7  c.c.  iodine  solution, 
100  accordingly  88  65  c.c. 

53-4  grm.  -f-  400  grm.  water  required  17.7  c.c.  iodine  soluUon,  100  accord- 
ingly S8-77. 

The  iodine  solution  contained  OiX>4e8  iodine  In  1  c.c  Considering  that 
addition  of  a  larger  volume  of  water  necessarily  InTolves  a  slight  increase  in 
the  quantity  of  iodine  solution,  these  results  may  be  considered  sufQciently 
corresponding. 
Question  b. 
Accordhig  to  a,  100  grm.  of  tbe  H,8  water  contained  0-0221S  grm.  UtS, 
assuming  Qie  proportion  to  be  100  :  8S-3. 

1786  grm.  of  the  same  water  were,  immediately  after  the  experiments  in  a, 
dmwn  off  into  a  hydrochloric  acid  solution  of  BrHenious  acid;  after  24  hours,  tbe 
arsenious  sulphide  was  Altered  off,  dried  at  100°,  and  weighed.    00020  grm. 
were  obtained,  which  corresponds  to  003814  Hi8,  or  a  percentage  of  0021B7. 
Tbe  second  question  also  is  therefore  answered  in  the  afflrmative. 

9S.  SoLDTioN  or  MAONsanni  Csloride  DiseoLVXB  Calcium  Oxai,atb  (to 
S1H6). 

If  some  calcium  chloride  is  added  to  a  solution  of  magnesium  chloride,  then 
a  little  ammonium  oxalate,  no  precipitate  is  formed  at  first;  but  upon  slightly 
increasing  the  quantity  of  ammonium  oxalate,  a  trifling  precipitate  gradually 
separates  after  some  time. 

If  on  excess  of  ammonium  oxalate  is  added,  the  whole  of  the  calcium  is 
thrown  down,  but  the  precipitate  contains  also  magnesium  oxalate.  This  shows 
that  to  eCect  the  separation  of  tbe  two  bases  by  ammonium  oxalate,  the  reagent 
must  be  added  in  excess;  whilst,  on  the  other  baud,  In  tlie  presence  of  much 
magnesium,  tbe  operator  must  expect  to  precipitate  some  of  the  magnesium,  as 
the  following  experiments  (No.  08)  clearly  show. 

98,  Separation  of  Calcidk  tbou  UAOK&snm  (to  %  1S4,  S). 

The  fluids  employed  in  the  followingexperiments  were,  a  solution  of  calcium 
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cliloride,  lOccof  which  correapoDded  [o0'6618  CaCO,;  a  Bolution  of  n 
Bium  Rbloride,  containing  0290  MgO  in  10  c.c;  a   solution  of  a 
clilortdc  (1  :9);  solutioD  of  ammonia.  coDUiniag  10  per  cenL  Nllt:  scduiiunof 
Ammonium  oxalate  (1  r  34);  acetic  acid,  coatainlag  80  ptT  cent.  CtHtOi. 

Tlic  precipitation  was  effected  at  tlic  commoii  temperature;  the  preciiatitB 
of  calcfum  oxalate  was  tiltered  off  after  20  Loura. 
a.  Influence  ot  the  degree  of  dilution. 

a.  10  c.  c  MgCl,.  10  c.  c  CaCl,,  10  c.  c.  NH.Cl.  4  drops  NH,OH,  SO 
C.C.  water,  20 c.  c.  (NHO.C.O*.    Besult,  05705 CaCO,. 

fi.  Same  as  a,  with  ICO  cc  water  instead  of  SO  cc    Rwnit^  (hSIRD 
CaCO,. 
6.  Influence  of  excess  of  ammonia. 

Borne  as  a,  /3+ lOc.c.  NH,OH.    Result.  0  5614  gnu.  CaCO,. 
e.  Influence  of  excess  of  ammonium  chloride. 

Bameasa,  /J  +  40c.c.  NH.CL    Result,  0-5652  grm. 

d.  Influence  of  excess  of  ammonia  and  ammonium  chloride. 

Same  as  a.  /3  +  80  c.c.  NH.Cl  + 10  c.c  NH.OU.     Result,  OiSSlSgtm. 

e.  Influence  of  free  acetic  acid. 

Same  as  a,  /!,  only  with  6  drops  C,H,Oi,  instead  of  the4dn>paNH.0R 
Result,  0-5564  gnu. 

f.  Influence  of  excess  of  ammonium  oxalate  In  feebly  alkaline  sohitioiL 

Sameasa,  /t+SOcc.  (NH,)iCiO..    Reaolt.  OSdUgim.  CaCO.. 

g.  Influence  of  excess  of  ammonium  oxalate  In  strong!;  ■tiVyTinn  solnUcA, 

Same  aa  a,  fi.  +  10  c.c.  NH.OH  +  aO  c.c.  (NH,),CO,.    Besnli. 
0-5644. 
h.  Influence  of  excess  of  ammonium  oxalate  in  presence  of  much  NH4CI  aitd 
NH,OH. 

Same  as  a,  |tf,  + 10  NH.OH  +  80  NHiCl+90  (NH,>.CO,.    Besnl^ 
0-5709  grm. 
i.  Influence  of  excess  of  ammonium  osalate  in  solntion  slighUy  addilkd 
with  C,H,0,. 

Pome  as  o,  /),  -  4  drops  NH,OH  +  6  drops  C.H.O,  +  80  cc  (SHJ, 
CO..    Result,  O-BMl  grm. 
Consequently,  when  a  notable  amount  of  magnesium  is  present  there  is 
always  a  chance  of  mngneeium  oxalate,  or  ammonium  magnesium  oxalate  pre- 
cipitating along  with  tlie  calcium  oxalate. 

Another  series  of  experiments  in  which  a  solution  of  mognedom  oxalate  in 
hydrochloric  acid  was  mixed  with  ammonia  under  varying  clrcunutancea,  prond 
also  that,  in  presence  of  a  notable  quantity  of  magnesium,  magnesium  oxalate, 
or  magnesium  ammonium  oxalate,  will  always  separate  after  standing  for  some 
time,  no  mntler  whether  in  a  cold  or  a  warm  place. 

In  a  third  series  of  experimenti,  the  separation  was  effected  by  doable  pre- 
cipitation, in  accordance  with  %  154,  28.  The  same  solutions  wer«  enqiloyed  a* 
In  the  first  scries,  with  the  exception  of  the  magnesium  chloride,  for  wliich  a 
solution  was  substituted  containing  0'31^  grm.  llgO,  in  10  c.c 

10  cc  CaCl,  +  80  cc  MgCl,  +  SO  c.c.  NH.a,  +  800  cc  water,  +  8  drops 
ammonia,  -|-  a  sufficient  excess  of  ammonium  oxalate.  Reaults.  in  two  experi- 
ments, 0-5631  and  0-5652,  mean  05686,  instead  of  05618  CaCO.;  ftlw  0«t» 
and  0-6489  MgO,  mean  0-6674,  Instead  of  0-6546. 


by  Google 


ANALTTIOAL   EIPB8IMENTS.  833 

04.  Sepa&atioh  of  Iodihe  from  Chlokine  bt  PisAjn's  Hkthod. 

I>'28S8  gnu.  potaanum  Iodide,  dissolved  in  water,  -j-  i  cc.  of  eoluUoa  of 
iodide  of  Btoich,  required  14c.c.  of  decinoniutl  silver  solution  =  0-2832  grm. 
potassium  iodide. 

0'8026  gnn.  potasdum  iodide,  mixed  with  about  double  the  quiiDUty  of 
Hodlum  chloride,  required  18'3  cc.  silver  solutioo  =  08021  EL 

0'S366  grm.  potasaium  iodide,  mixed  with  about  100  times  as  much  sodium 
chloride,  required  187  cc.  silver  solution  =  0-2372  KL 

ENS.  SsFABATioK  OF  loDiKB  FBOM  Bbouihb,  BT  Flaun'B  Hkthod. 
08108  gim.  potassium  iodide,  mixed  with  double  the  quanUtj  of  potassium 
toomlde,  required  192  cc  of  deoinormal  silver  solution  =  0*8187  KL 

SO.  Chlobdixtricai.  Expsbdcehtb  (to  g  19S). 

10  grm.  of  chloride  of  lime  were  rubbed  up  with  water  to  one  litre,  witU 
which  the  following  experimeiita  were  made: 

a.  By  Pbhot'b  method  (g  200);  obtuned  38'S  and  23'S  per  cent 

b.  By  means  of  iron  (g  201,  modiflcation);  obtained  23'S  per  cent 
e,  Bj  BoHSEN'a  method  (g  201};  resulte,  280—38-0  per  cent 

100.  I>BTiNa  OF  Uahoambbb  (to  §  202, 1.}. 

Four  small  pans,  containing  each  8  grm.  of  manganese  of  68  per  cent.,  were 
first  heated  in  the  water-bath.  After  3  hours,  I.  had  lost  0-140;  after  6  hours. 
n.  O'lS;  after  0  hours,  Ul.  O'lG;  after  13  hours.  IV.  010  grm.  I.  and  11. 
having  been  left  standing,  loosely  covered.  In  the  room  for  12  hours,  IL  was 
found  to  weigh  exactly  as  much  as  at  first;  I.  wanted  only  0-01  grm.  of  the 
original  weight. 

The  four  pans  were  now  heated  for  3  hours  to  130°.  After  cooling,  tbey 
were  found  to  have  lost  each  0-lBO  of  the  original  weight.  I.  and  U.  having  been 
left  standing,  loosely  covered,  in  the  room  for  80  hours,  were  found  to  have  again 
acquired  their  original  weight  by  attrecling  moisture.  III.  and  IV.  were  heated 
for  3  hours  to  1S0°.  The  loss  of  weight  in  iMth  cases  was  0*310  grm.  Having 
been  left  standing,  loosely  covered,  in  the  room  for  72  hours,  both  were  found 
to  weigh  0*00  less  than  at  flrst  Assumiag  the  hygroscopic  moieture  expelled  to 
be  reabsorbed  by  standing  in  the  air,  this  shows  that  at  100°  a  little  chonically 
'  combined  water  escapes  along  with  the  moisture,  and  accordingly  that  the  tem- 
perature must  not  exceed  130°. 

Hy  experiments  will  be  found  described  in  detail  in  Dihdlbb'b  polyt  Joun. 
180,  277  et  aeq. 
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CALCULATION  OF  ANALYSBa 


The  calcolatioD  of  the  resulta  obtained  bj  &n  analysia  presupposes,  usDio- 
dispenSBble  preUminary,  a  knowledge  of  tlis  general  laws  of  tbc  combining 
proportlong  of  bodies,  on  Ilie  one  liand,  and  of  the  more  simple  rules  of  anih 
metlc  OD  tlie  otlier.  It  is  a  great  error  to  suppose  that  the  abilitj  to  nmLe 
chemical  calciilationa  involves  an  csteasive  acquaiotaoce  wIUi  mathemsiics.  a 
knowledge  of  decimal  fractions  and  simple  equations  being  for  the  moGt  pan 
sufiScieot.  These  remarks  are  not  intended  to  dissuade  students  of  chemisn? 
from  pursuing  the  highly  Important  study  of  mathematica;  but  merely  to 
encourage  those  who  have  Lad  no  opportunity  of  entering  more  deeply  into  tbis 
science,  and  who.  as  experience  has  ahowu  me,  are  often  afraid  to  venture  upon 
chemical  calculations.  For  tills  reason,  I  have  made  the  whole  of  thecalculntions 
given  in  the  following  poTBgraphs,  in  the  most  Intelligible  manner  possiUc,  and 
without  logarithms. 

L  Caieutaliein  ^  Ihe  COnttttuenU  ttmght  from  the  Campowtd  ebUdriti  in  At 
Aru^yliaU  Procta,  arid  e^ibition  of  the  RauU  in  Per-eeTiii, 

The  bodies  tho  weight  of  which  it  is  iuteuiled  to  determine,  are  sepuvl^  h 
we  liavc  seen  in  Division  I.,  treatiog  of  the  "  Execution  of  Analysis,"  cither  in 
the  free  state,  or — and  this  most  frequently — in  combinations  of  known  com- 
potitioiL  The  results  are  usually  calculated  upon  100  ports  of  the  examined 
substance,  since  this  gives  a  clearer  and  more  intelligible  view  of  the  compca- 
tioo.  In  cases  where  the  several  constituents  have  been  separated  in  the  fiee 
stkle,  the  calculation  nuiy  be  made  at  once;  but  If  the  cauHtituents  have  beo 
separated  in  combination  with  other  substances,  they  must  first  be  calculated 
from  the  compounds  obtained. 

1.  Calcuiaiion  of  the  SetuUt  into  Per-eenU  bj/  Weight,  in  Oate*  aUtn  Hi 
Subitante  lought  hai  been  teparaied  in  die  Fi-ee  Slate, 
a.  Solid  Boditt,  lAqnidt,  and  Qatet,  which  hate  been  determuted  by  Weii^ 
The  calculation  here  is  exceedingly  rimpte. 

Suppose  you  have  analyzed  mercuroua  chloride,  and  sepnnttad  the  nmeiify 
in  the  metallic  state.  Sim  grm.  mercurous  chloride  have  given  saj  9*4110  gno. 
metallic  mercury. 


which  means  that  your  analysis  shows  100  parts  of  mercuroua  c^oride  to  eoft- 
l^n  84 '6S  of  mercury,  and  coQEequently  IS'IO  of  chlorine. 

Now  as  mercurons  chloride  is  known  to  consist  of  3  at.  mercuir  and  S  sL 
chlorine,  and  as  the  atomic  weights  of  both  these  elements  are  also  known,  the 
true  percentage  eompoaition  of  the  body  may  be  readily  calculated  fran  these 
data.  When  analyzing  substances  of  known  compodtion  for  practice;  the 
results  theoretically  calculated  and  those  obtained  by  the  analyms  are  osodlj 
placed  in  juxtaposition,  as  this  enables  the  student  at  once  to  perceive  the  degree 
of  accuracy  with  which  the  analysis  has  been  performed. 
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HercuiT 64-80  . 

Chlorine WIS  . 
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b.  Ga»e$  wMeh  hate  been  determuted  by  Meatare. 

If  a  gas  faas  been  determined  by  measure,  it  is,  of  course,  necessary  first  to 
■acertaiik  the  weight  coireapoDding  to  the  volume  found,  before  the  percentage 
by  freight  can  be  calculated. 

But  as  the  exact  weights  of  a  definite  volume  of  the  various  gases  have  been 
severally  determloed  by  accurate  experimente,  tills  calculation  also  is  a  simple 
mle-of-tbree  question,  if  the  gas  may  be  measured  under  the  same  circimiBtancea 
to  which  the  known  relation  of  weight  to  volume  refers.  The  circumstances  to 
be  token  into  conaideraUon  here,  arc: 

Tttnp$ratur«  and  Atmotpherie  Presrure. 
Beddes  these,  the 

Tiwwion  of  the  Aqruous  Vapor 
may  also  claim  conaideralion  Id  cases  where  water  is  used  as  the  confining  fluid, 
or  generally  where  the  gas  haa  been  measured  in  the  moist  state, 

ITie  respective  weights  assigned  in  Table  V.*  lo  I  litre  of  the  gases  there 
enumerated,  refer  to  a  temperature  of  0°,  and  an  atmospheric  presaure  of  0-76 
metre  of  mercury.  We  liave,  therefore,  in  the  first  place,  to  consider  llie  manner 
In  which  volumes  of  gas  measured  st  anotlier  temperature  and  another  height 
of  the  barometer,  are  to  be  reduced  to  0°  and  076  of  the  barometer. 

a.  lUduetion  iff  a  Volume  of  Oae  of  ony  given  Temperature  to  0°,  or  any  other 
Temperature  between  0°  and  100°. 

The  following  propodUons  regarding  the  expansion  of  gases  were  formerly 
universally  adopted : 

1.  All  gases  expand  alike  for  an  equal  Increase  of  tem{>eTatnre. 

The  expansion  of  one  and  the  same  gas  for  each  degree  of  tiie  thermometer 
is  independent  of  Its  original  density. 

Although  the  correctness  of  these  propositions  has  not  been  fully  confirmed 
by  the  minute  investigations  of  Haords  and  Beonault.  yet  they  may  be  safely 
foUowed  in  reductions  of  the  temperature  of  those  gases  wtiich  are  most 
frequently  measured  in  the  course  of  analytical  processes,  as  the  coefflcienis  of 
expansion  of  these  gases  scareely  differ  from  each  other,  and  as  there  Is  never 
any  very  considerable  difference  in  the  atmospheric  pressure  under  which  the 
gases  are  eeveially  measured. 

The  investigations  just  alluded  to  have  given 

D-sees 

as  the  coefficient  of  the  expansion  of  gases  which  comes  nearest  to  the  truth;  in 
other  words,  as  the  extent  to  which  gases  expand  when  heated  from  the  freezing 
to  the  boiling  point  of  water.  Tliey  expand,  therefore,  for  every  degree  of  the 
centigrade  thermometer, 

5:^  =  o«e(». 

*  Bee  Tables  at  the  ead  ol  the  vdiime. 


b,  Google 


CALCULATION   OF   ANALT3IS. 


1  X  [1  +  (10  x0008«Hf)]  =  1-08666. 
If  we  wish  to  ucertain  how  much  space  100  c  c.  »t  0*  will  oocai^  tt 
10*.  we  find 

100X[1  +  (10XO«)866B)] 
=  10axl-0866S-108-66S. 
U  we  wteli  to  know  bow  mucb  space  1  c  c.  at  10°  will  occupy  kt  0*,  we  Ood 

1  +  (10  X  0-008666)  =  "■•**■ 
How  modi  >p»ce  do  1DS-66S  c  c.  mt  10°  occupy  at  0*T 

1»*!5 =  100 

1  +  (10  X  0-008666) 

The  general  nile  of  these  calculatiooa  ma;  be  eipreued  as  follows: 
To  calculate  tb«  volume  of  a  gas  from  a  lower  to  a  higher  temperature,  we 
hare  la  the  first  place  to  find  the  expaiiBlon  for  the  volume  uait,  which  li  duK 
by  adding  to  1  the  product  of  the  multipllt^tion  of  the  thennometrkat  diSeieDce 
by  0408666;  and  then  to  multiply  this  by  the  number  of  volume  units  found  is 
the  analytical  process.  On  the  other  hand,  to  reduce  the  volume  of  a  gu  from 
a  higher  to  a  lower  temperature,  we  have  to  divide  the  number  of  volume  nniu 
found  in  Uie  analytical  process,  by  t  -f  the  product  of  the  multiplicUion  of  the 
thermometrical  difference  by  0-OOB665. 

fi.  Bedvetim  of  Iht  Volums  of  a  Oom  of  a  eataia  ffivm  Dgiuiti/  ta  "76  JMt 
Bofvmeirie  I^ttture,  or  any  other  given  Pretiure. 

According  to  the  law  of  Mabiottk,  the  volume  of  a  gas  is  inverselj  as  the 
pressure  to  which  it  Is  ezpooed;  in  accordance  with  this,  a  gas  occupies  tbe 
greater  space  the  leas  the  pressure  upon  it,  and  the  less  space  the  greater  the 
pressure  upon  it. 

TbuH,  supposing  a  gas  to  occupy  a  space  of  10  c  c.  at  a  pressure  of  1  atmos- 
phere, it  will  occupy  1  c.  c.  at  a  pressure  of  10  atmospheres,  and  100  c  c  at  s 
pressure  of  ^  aimosptiere. 

NotliiDg,  therefore,  can  be  more  easy  than  the  reduction  of  a  gas  of  a  certain 
given  tension  to  760  mm.  bar.  pressure,  or  any  other  given  preaauie,  t^^  MM 
mm.,  which  is  frequently  used  in  the  analysis  of  gasea. 

Supposing  a  gas  to  Qoci^)y  100  c  c.  at  780  mm.  bar.,  how  mnch  space  will  it 
occupy  at  760  mm.  T 

780  :  780  ::  100  :  * 
»=  103-68. 
How  much  space  will  100  c.  c.  at  7S0  mm.  bar.  occupy  at  780  mm.  1 
760  :  760  ::  100  :  * 
«  =  M-6a 
How  madi  space  will  190  c.  c.  at  760  mm.  bar.  occupy  »t  1000  mm.t 
1000  :  760  ::  160  :  X 
*  =  !». 
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■y.  JUdtietim<>ftheVolmiuofaOa*taturatedv)iAAg7i«nuVapar,li>ilgai!tuai 
Volvme  m  the  Dry  State. 

It  Is  a  well-koown  fact  that  water  has  a  tendency,  at  all  temperatures,  to 
Dsaume  the  gaseous  stale.  Tiie  d^ree  of  this  tendency  (the  tension  of  the  aque- 
ous vapor) — which  is  dependent  solely  and  exclusively  upon  the  temperature, 
and  not  upon  the  circumstance  ot  the  water  being  I'n  eoeiHi  or  in  any  k^scoub 
ftlmoHphere — is  usually  expressed  by  the  height  of  a  column  of  mercury  countcr- 
lialaDclng  it.  The  following  tahle  Indicates  the  amount  of  tension  for  the 
various  temperatures  at  which  analyses  are  lilcely  to  be  made.* 


TaaKmotOus 

Tnuhmof  tlw 

Tempemtu™ 

"^ 

SfiS^' 

(In  devrMie  C.J 

4-588 

21 

18  506 

4867 

28 

19-676 

5  281 

28 

20-909 

S-619 

24 

23-211 

6'0S2 

26 

33'583 

6-471 

26 

25-086 

«e8» 

27 

26  547 

7-488 

28 

28-148 

7-W4 

20 

20-8S3 

8-SSS 

80 

8K03 

9-126 

81 

88464 

8-781 

83 

86-410 

10-421 

88 

87-478 

11-180 

84 

8e-«80 

11-88* 

86 

41-898 

13-877 

86 

44-268 

18-618 

87 

48  758 

14-409 

as 

40-848 

15  861 

89 

6310S 

16-845 

40 

54-960 

30 

17-896 

Therefore,  if  a  gas  is  conflned  o»er  water,  its  volume  is,  eatorw  parftw, 
always  greater  than  if  it  were  cooflaed  over  mercury;  since  a  quantity  of  aque- 
ous vapor,  proportional  to  the  temperature  of  the  water,  mixes  with  the  gas,  and 
the  tension  of  this  partly  counterbalances  the  column  of  air  that  presses  upon  the 
gas,  and  to  that  extent  neutralizes  the  pressure.  To  ascertain  the  actual  pressure 
upon  the  gna,  we  must  therefore  subtract  from  the  apparent  pressure  so  much  as 
is  neutralized  by  the  tension  of  tbe  aqueous  vapor. 

Suppose  we  bad  found  a  gas  to  measure  100  c.c  at  759  mm.  bar.,  the  tempera- 
ture of  the  conflning  water  being  15° ;  how  much  space  would  this  volume  of 
gaa  occupy  in  the  dry  state  and  at  760  mm.  of  the  barometer? 

Our  table  givea  the  tension  of  aqueous  vapor  at  16°  =  12-877;  the  gas  Is  con- 
sequently not  under  the  apparent  pressure  of  760  mm.,  but  under  the  actual 
pressure  of  769  - 12-877  =  746 '828  ram. 

■  Oompare  Hacnu,  Pogg.  AnoaL  U,  M7. 
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The  calculation  is  now  very  Biinpk:  it  proceeds  in  the  n 


When  lh«  Tolume  of  a  gu  baa  tbua  been  adjusted  by  tbe  calcalathms  ia  a 
and  fi,  or  y,  to  the  tharmometrical  and  barometrical  conditions  to  which  ibc 
data  of  Table  V.  refer,  the  percectage  bj  weight  may  now  be  readily  caJcaUlcd 
by  subatituting  the  weight  for  the  volume,  and  proceeding  by  simple  rule  of 
three. 

What  ia  tbe  percentage  by  weight  of  nitrogen  in  an  analyzed  substance,  of 
whicti  O'S  grm.  have  yielded  80  c.c.  of  dry  nitrogen  gas  at  0",  and  7S0  mm. 
bar.r 

In  Table  V.  we  flod  that  1  litre  (1000  c.  c.)  of  nitrogen  gas  at  0°,  and  7U  mm. 
bar.,  weighs  1  -25430  grm. 

We  say  accordingly: 

1000  :  l'»B4M  ::  80  :  z 
X  =  0-0879. 

And  then; 

0-5  :  0-087e  ::  100  :  ar 
X  =  7-52. 

The  analyzed  substance  contains  consequently  7'S3  per  cent,  by  weight  of 
nitrogen. 

Dk.  Oibbb'  method  tf  finding  at  once  the  telal  eorreetien  for  ttn^tenUure.  pnm- 
vrt.  and  moieture  in  abtolute  determination*  ofnitropen,  or  other  gamt:  * 

"  I  take  a  graduated  tube,  which  I  fill  with  mercury,  then  displace  aboui 
two-tUirds  of  the  mercury  with  air,  and  invert  the  tulje  into  a  cistern  of  mereuiy. 
Then  I  make  four  or  five  determinations  of  the  volume  of  the  included  (moisi) 
air  in  the  uBuai  mnnner,  and  find  tlie  volume  of  the  air  at  0*  and  700  mm.  as  ■ 
mean  of  all  the  detenu inationa.  This  tube  I  call  tbe  companion  tube,  and  it 
always  hangs  in  the  little  room  I  use  for  gas  analyses.  Suppose  tbe  volume  of 
(dry)  air  at  0~  and  760  mm.  is  ISS'SS  c.  C. 

"Now,  In  making  an  absolute  nitrogen  determination  I  collect  Ihe  oitTcsea 
moist  over  mercury  in  a  graduated  tube,  and  then  suspend  the  measuring  tnbe 
by  the  side  of  the  companion  tube.  I  then  by  a  cord  and  pulley  bring  the  level 
of  the  mercury  in  the  two  tubes  to  correspond  exactly,  and  then  read  off  tbe 
volume  of  air  in  the  companion  tube  and  tbe  volume  of  nitrogen  in  the  mcasor- 
ing  tube.  I  ought  to  have  staled  that  the  two  tubes  hang  in  Ihe  same  cistern  of 
mercury.  Suppose  the  volume  of  air  in  the  companion  tube  lo  \x  143  c.  c. ;  ihen 
the  total  correction  for  temperature,  pressure,  and  moisture  will  be  14S  —  1S9-SS 
=  lO'KH  c.c.  The  correction  for  the  nitrogen  will  then  be  found  by  rule  of 
three.  As  tbe  observed  volume  of  air  in  the  companion  tube  is  to  the  observed 
volume  of  nitrogen,  so  is  (in  this  cose)  lOSfi  to  the  required  correction.  In  thi« 
way.  when  the  volume  of  air  in  the  companion  lube  is  once  found,  nofiirtker 
obnervationt  of  temperattire,  premire.  or  height  of  mtr^ry  ahote  the  mercury  in  Ou 
ciitern  are  necessary.  The  companion  tube  lasts  for  an  indefinite  time.  1  have 
even  used  it  filled  with  water,  without  nny  appreciable  change  in  some  weeb. 
but  I  prefer  mercury.    As  the  two  tubes  bang  side  by  side,  there  ia  never  in 
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appreciable  difference  of  temperature.  Hy  results  are  most  gatistactory.  Wll- 
llamsoD  &  Russell  have,  as  yoQ  know,  used  a  compaDlon  tube  for  equatinff 
premiTBt,  but  not  for  flndlng  the  total  ralue  of  the  temperature  aod  pressure 
correctiOQ  at  once;  and  I  believe  that  my  process  is  wholly  aew.  Certaitily  It  is 
wonderfully  convenient,  and  Haves  all  tables  aod  labor  of  computation." 

S.  Oalotiiatian  c^  the  BetuiU  into  Per-eenti  by  Weight,  in  Ca*e»  vihert  the  Body 
wvght  hai  been  leparated  (A  CbmAinoCtOTi,  or  where  a  Oomponni  hae  to  b«  deter- 
mined ftvm  one  iff  ita  Conttituente. 

If  the  body  to  be  determined  has  not  been  weighed  or  measured  in  its  own 
form,  but  in  some  other  form,  e.g.,  carbonic  acid  as  calcium  carbonate,  sulphur 
as  barium  sulphate,  ammonia  as  nitrogen,  chlorine  by  a  standard  solution  of 
ionilno,  &c.,  its  quantity  must  first  be  reckoned  from  that  of  the  compound  found 
before  the  calculation  described  in  I  can  be  mode. 

TtusmaybeBCCompUahedeith^bynileof  three  or  by  some  abridged  method. 

Suppose  we  have  weighed  hydrogen  in  the  form  of  water,  and  have  found  1 
grm.  of  water;  bow  much  hydrogen  does  this  contain! 

A  molecule  of  water  consists  of: 

Hydrogen Sat.  =    Spte. 

Oxygen 1  at.  =  16   " 

5  " 
We  say  accordingly: 


Or,  expTMMd  In  general  terms: 

Water  X  0-11111  =  ^drogrn^ 
EzumjL — 

B17  of  wal«r;  bow  much  hydiogenT 

M7  X  011111  =  57-444. 
The  following  equation  results  also  from  tlie  above  proporticm: 


Or,  ezpreaaed  in  general  terms, 

Water  dieidedbya  =  ^drogen. 

617  of  water,  how  mucli  bydiogeaT 


In  this  mnnner  we  may  find  for  every  compound  constant  numben  by  which 
to  multiply  or  divide  the  weight  of  tlie  compound,  in  order  to  And  tlie  weight  of 
the  conatituent  sought  (comp.  Table  IIL*> 
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Thus,  tor  Instance,  tbe  nltrogea  coatidned  ia  ammonium  platbiic  chloridt 
may  be  obbuned  by  multlplyiDg  the  weight  of  the  latter  by  (K)6SIMIi  thna  the 
cu-boa  muy  be  calculated  from  carbonic  acid  by  moliiplying  tbe  wn^t  of  tbt 
latter  by  0-3737,  or  dividing  It  bySeae. 

These  numbers  are  by  no  means  so  simple,  conrenieiit,  and  eaay  to  lemenbci 
a*  In  tbe  oaae  of  hydrogen.  It  ia  therefore  adrisable,  In  the  case  of  carbonic 
acid,  for  instance,  to  fli  upon  another  general  exprearion,  vix.. 


Carbmie  add  X  S 


=  Carbon; 


IS  parts  in  44  (=  A)  in  carbonic  acid  being 
compodUon: 


carbon,  as  may  be  aeea  from  Ibe 


The  object  In  Tiew  may  also  be  atteuned  in  a  very  rimple  manner,  by  refei- 
ence  to  Table  IV.,*  which  gives  tlie  amount  of  the  conatltuient  sought  for  etvj 
number  of  the  compound  found,  from  1  to  9 ;  tbe  operator  need,  tbeido^ 
■imply  add  tbe  several  values  together. 

As  regard*  hydrogen,  for  instance,  we  find: 


FWmdj  Bootfrt. 

water  jtv<lT<«en 

1 

0-imi 

s 

1 

4             S 

o-mu  mm 

t 
mam 

T 

8           t 

From  this  table  it  is  seen  that  1  part  of  water  oont&ins  O'lllll  of  bjdrogoi, 
that  5  parts  of  water  contain  OSSOSO  of  hydrogen;  9  parte,  1-00000,  &c 

Now  If  WB  wish  to  know,  for  instance,  how  much  hydrogen  is  contained  ia 
0-17  psits  of  water,  we  find  this  by  adding  the  values  for  K  parts,  for  -ff  foi, 
and  for  ^  parts,  tbus: 


00744888 
Why  the  numbers  are  to  be  placed  in  this  mt 


r,  and  not  as  f<dlowi: 


0-llUl 

0"77TT8 


I  la  setf-evldeDt,  since  arranging  them  in  the  latter  way  wonld  be  adding  tbe  nine 
;forO,.forl,  mifat7(S-\-l-{-T  =  16),  and  notforS-17.    This  reflection  dioin 
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also  that,  to  find  the  smouDt  of  hydrogen  contained  in  51 
points  moat  be  tnuuposed  u  follows : 

50-555 

Mill 

0-77778 


S.  Oabulatim  qf  the  BetvUteflndireelAtialf/iei  into  Ptr-eenUb^WeigM. 

The  ImptHt  of  thrt  tenn  "  iadireet  ainUytu,"  aa  defined  in  §  ISl,  p.  478  shows 
sufflcientlj  that  no  uniTenallf  applicable  rules  can  be  laid  down  for  the  calcula- 
tions which  have  to  be  made  In  indirect  analyses.  The  selection  of  the  right 
Wft;  must  be  left  in  every  special  case  to  the  intelligence  of  the  analyst.  T  will 
hen  give  the  mode  of  calcnlatiiig  the  results  in  the  more  important  indirect 
■eparations  described  in  Section  Y.  They  may  serve  as  examples  for  other 
nmilar  calculations* 

a.  Irtdireet  Detarm^taihn  <tf  Sodium  aitd  Fotauium. 


The  calculatiiak  may  be  made  as  follows: 
Suppose  we  have  found  8  grm.  of  sodium  and  potaaaiuii 
these  S  gnn.  1'6877  of  chlorine. 


If  all  the  chlorine  present  were  combined  with  potassium,  the  weight  of  the 
clkloride  would  amount  to  355007.  As  the  chloride  weighs  less,  sodium  chloride 
is  present,  and  this  in  a  quantity  proportional  to  the  difference  ((.«.,  S'50OO7  —  8 
=  -55007),  which  is  calculated  as  follows: 

The  difference  between  the  mol.  weight  of  ECl  and  that  of  NaCl  (1009)  is 
to  the  mol.  weight  o^  NaCI  (68-60),  as  the  difference  found  Is  to  the  sodium 
dilorido  present : 

16«  :  58-60  ::  -eCftOT  :  HI 
sf=  9NaC3 
andS-9=  lECL 

From  this  the  following  short  rule  b  derived: 

Multiply  the  quantity  of  chlorine  in  the  mixture  by  21085,  deduct  from  the 
product  the  sum  of  the  chlorides,  and  multiply  the  remainder  by  8-9858;  the 
product  expresses  the  quantity  of  sodium  chloride  contained  in  the  mixed  chlo- 
ride. 

(.  IntUreet  Determination  of  Strontium  and  CbleAitn. 

This  may  be  effected  by  determining  the  sum  total  of  the  carbonates,  and  the 
earbonic  odd  contained  in  them  <§  164,  81).  Suppose  we  have  found  9  grm.  of 
miz«d  carbonate,  and  in  theae  9  grm.  0-7888  of  carbonic  add 
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I(,  therefore,  th«  whole  ot  the  c&rbooic  acid  were  combined  with  strooiia, 
tho  weiglit  of  the  carbonate  would  amount  to  2474*8  grm.  The  deflciency. 
=  0*47498,  is  proportlooal  to  the  culdum  carbonate  present,  wliicL  ia  caJcuiaie.l 
as  follows: 

Tbe  dlffcrcDCu  between  the  molecule  of  SrCOi  and  the  molecule  of  CaCOi 
(4T'50)  is  to  the  molecule  of  OaCOi  (100)  as  the  difference  found  b  to  tbe 
Liilcium  carbonate  contained  In  the  mixed  salt: 

.-.     470  :  100  ::  0-47408  :  x 
z  =  l. 

The  mixture,  ttierefore,  consists  of  1  grm.  calcium  carbonate  and  1  gnn. 
strontium  carbonate. 

From  this  tbe  following-  Bbort  rule  is  derived: 

Multiply  the  carbonic  acid  found  by  8'SG28,  deduct  from  tbe  product  the  sum 
of  the  carbonates,  and  multiply  the  difference  bj  310536;  the  product  espresxi 
the  quantity  of  the  calcium  carbonate. 

e.  JndfrMt  Delermi/iation  <f  CAlorint  and  Avmine  (§  ISO,  1). 

Let  us  suppose  the  mixture  of  Bilrer  chloride  and  bromide  to  have  weigbed 
9  grm..  and  tbe  dlmiuutlon  of  weight  consequent  upon  the  trsnanisuou  of 
chlorine  to  have  amounted  to  01  grm.  How  much  chlorine  is  there  in  tbe  mixed 
salt,  and  how  much  bromine? 

The  decrease  of  weight  here  is  simply  the  difference  between  tbe  weight  of 
the  sliver  bromide  originally  present,  and  that  of  the  silver  chloride  which  has 
replaced  It;  if  this  is  borne  in  mind,  it  is  easy  to  understand  the  calculadoa 
which  follows: 

The  difference  between  the  molecules  of  sliver  bromide  and  silver  diloride  ii 
to  the  molecule  of  silver  bromide  as  tbe  ascertained  decrease  of  weight  is  to  i, 
{.«..  to  the  silver  bromide  originally  present  in  the  mixture: 
44-49  :  187-88  ::  0-1  :  « 
X  =  0-433397. 

The  2  grm.  of  the  mixture  therefore  contained  0-433397  grm.  silver  tnvmide, 
and  consequently  3  —  0433207  =  1-577703  grm.  silver  chloride. 

It  results  from  the  above,  that  we  need  simply  multiply  the  cacetlained 
decrease  of  weight  by 

187-88   . 


44-40 


.,  by  4-82287 


to  find  the  amount  of  diver  bromide  originally  i^eaent  in  the  analyzed  mixtare 
And  if  we  know  this,  we  also  know  of  course  the  amount  of  the  silver  chloride; 
and  from  these  data  we  next  calculate  the  quantities  of  chlorine  and  bromine  id 
the  ordinary  way. 

BUFFLKHENT  TO  L 


ON  LOBS  Aim  ETCS8S  IN  AKALTSBS,  ASD  OV  TASISO  THX  ATKKASE. 

If,  tn  tbe  analysis  of  a  substance,  one  of  the  constituents  is  estimated  fnm 
theloes,  or,  in  other  words,  by  subtractingfTomtbeoriginal  weight  of  theanalyzed 
substance  the  ascertained  united  weight  of  the  other  constituents.  It  b  evident 
that  in  the  subsequent  percentage  calculation  tbe  sum  total  must  invariably  be 
100.    Every  loss  suffered  or  excess  obtained  in  the  dctLrminallon  of  the  acverd 
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constituents  will,  of  course,  fall  exdusively  upon  the  one  consUtuent  wMch  ia 
eetimated  from  the  loss.  Hence  esiimationa  of  this  kind  cauaot  be  considered 
accurate,  unless  the  other  constitueats  hare  been  determined  by  good  meihods. 
and  with  the  greatest  care.  The  accuracy  of  the  resulta  will,  of  coursa;,  be  ttie 
greater,  the  less  the  number  of  constituents  determined  io  the  direct  way. 

If,  on  the  other  hand,  every  constituent  of  the  analyzed  compound  has  been 
determined  separately,  it  is  abvlous  that,  were  the  results  absolutely  accurate, 
the  united  weight  of  the  several  constituents  must  be  exactly  equal  to  the  origi- 
nal weight  of  the  analyzed  substance.  Since,  however,  as  we  have  seen  in  g  90, 
certain  inaccuracies  attach  to  every  analysis,  without  exception,  the  Bum  total  of 
the  results  in  the  percentage  calculation  will  sometimes  exceed,  and  sometimes 
fail  short  of,  100. 

In  all  cases  of  this  description,  the  only  proper  way  is  to  give  the  results  as 
actually  found. 

Thus,  for  instance,  Pelouzb  found,  in  his  analyni  of  chromate  of  potassium 
chloride, 

Potassium 81 '88 

Chlorine 19-41 

Chromic  acid 68-81 

98-60 
BsBZBLnTB,  in  his  analysis  of  potassium  uranat«, 

Potassa 13-8 

Uranic  oxide 86-8 

M-6 
PLATrBBB,  in  his  analysis  of  pyrrhotite, 

OtTiditaiL  OTBnsIL 

Iron 69-78  S9-«4 

Sulphur 40-38  40-48 

99-04  100-07 

It  is  altogether  inadmissible  to  distribute  any  chance  deficiency  or  excess 
proportionately  among  the  several  constituents  of  the  analyzed  compound,  as 
such  deficiency  or  excess  of  course  never  arises  from  the  several  estimations  m 
the  same  measure;  moreover,  such  "doctoring"  of  the  analysis  deprives  other 
chemists  of  the  power  of  judging  of  its  accuracy.  No  one  need  be  ashamed  to 
confess  having  obtained  somewhat  too  little  or  somewhat  too  much  in  an  analysis, 
provided,  of  course,  the  deficiency  or  excess  be  confined  within  certain  limits, 
which  dlfler  in  different  analyses,  and  which  the  experienced  chemist  always 
knows  how  to  fix  properly. 

In  cases  where  an  analysis  has  been  made  twice,  or  several  times,  it  is  usual 
to  take  the  mean  as  the  most  correct  result  It  is  obvious  that  an  average  of  the 
kind  deserves  the  greater  confidence  the  less  the  results  of  the  several  analyses 
differ.  The  results  of  the  several  analyses  must,  however,  also  be  given,  or,  at 
all  events,  the  maximum  and  minimum. 

Since  the  accuracy  of  au  analysis  is  not  dependent  upon  the  quantity  of  sub- 
stance employed  (provided  always  this  quantity  be  not  altogether  too  small),  the 
average  of  the  results  of  several  analyses  Is  to  be  taken  quite  independently  of 
the  quantities  used;  in  other  words,  you  must  not  add  together  the  quantities 
used,  on  the  one  hand,  and  the  weights  obtt^ned  In  the  several  analyses  on  the 
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other,  and  deduce  from  UieM  data  the  percentage  amonnt;  but  you  muH  nl 
Gulate  the  latter  from  the  results  of  each  analysis  separstely,  and  then  tikr  ihr 
tneau  of  tbc  numbers  so  obuioed. 

Suppose  a  substance,  which  we  vill  cttll  AB,  contains  fifty  per  ceat  of  A; 
and  aui^MMe  two  analyses  of  tbls  substance  have  ^vea  the  following  resuils: 
(1)  S  grm.  AB  gave  0-»  gm.  of  A. 
(S)  BO  "  '■         84-00  •• 

Fiom  1,  it  raralla  that  AB  contains  40-60  per  cenL  of  A. 
■'     8.  "  ■'        48-00 

Total «-W 

Mean  4876 

It  would  be  quite  erroneous  to  say 

2  +  60  =  53  of  AB  gave  0-» + 84-00  =  34-09  of  A, 

therefore  lOO  of  AB  contun  48-06  of  A; 

for  it  will  be  readily  seen  that  this  way  of  calculating  destroys  nearly  alU^As 

the  influence  of  the  more  accurate  analysis  (1)  upon  the  average,  on  sccooBtof 

the  proportionally  small  amount  of  substance  used. 

n. -DEDUCTION  OF  FOUXULM. 
1.  From  tKt  peneiUagtt  <if  tmgU  tUmtTttt  in  eompoMidt. 
The  process  of  deducing  an  empirical  formula  from  the  expieerioD  of  U* 
composition  of  a  compound  in  parts  per  hundred  of  its  consUtnents  (Ce.,  its  [«- 
ciintage  compoution)  will  be  readily  understood  by  considering  flnt  Uw  aoM- 
whnt  simpler  reverse  process  of  calculating  percentage  compodtjons  frcn 
tormulse. 

Applying  this  letter  process  to  the  formula,  for  instance,  of  mannite,  C^nOi, 
we  first  compute  from  the  relative  nnmiwr  of  attnus  of  the  elements  Blwm  t? 
the  fonnula  the  relative  quantities  by  weiglit  of  each,  by  meaaa  of  their  ksovi 
atomic  weights. 

Carbon 6  at  x  13=    ?S  pts.  by  wei^t. 

Hydrogen..  14  "   X    1=    14  " 
Oxygen....    6  "   X  16  =    «e  " 


183  "        "  ofn 

Since  189  pts.  of  Qie  componnd  contain  78  pts.  of  carbon,  the  nombff  o(|tt 
of  carbon  wliich  100  contain  may  t>e  found  by  the  rule  of  thiee: 
189  :  100  :-  TS  :  X 
j^  X  73  =   »-M  carbon. 

^X14=     7-68  hydrogen. 

j^  X  (Ml  =    69-75  ojygea. 
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Itetuming  nor  to  the  first  eipreasion  of  tbe  relative  qouitities,  which  was 
obt&ioed  hj  mnltiplTing  tbe  relative  niunbet  of  atoms  of  carbon,  oxygen,  and 
hjdrogen  by  their  atomic  weigbts.  It  is  evident  bj  dividing  tlte  relative  quantities 
by  the  atomic  weights,  the  relative  number  of  atoms  will  again  be  obtained: 

Parts  of  carbon. 7S  -»- 12  =    S  carbon  atoms. 

"    "hydrogen 14+    1  =  14  hydrogen  " 

"     "oxygen •6  +  16=    6  oxygen      " 

It  is  moreover  evident  that  If  numbers  obtained  by  increasing  or  diminishing 
73,  14,  and  96  proporlio  Dally,  be  divided  by  13,  1,  and  16  respectively,  tbe 
resulting  quotients  will  express  the  atomic  ratio  also: 

Carbon "^^Jm—    ^'^  -<- 13  =  8-3M  carbon  stoma 

Hydrogen. ...  14  X  j^  =     7-69  +    1  =  7-6W  hydrogen  " 

O^gen 98  X  ~  =    63-76  +  16  =  8-286  oxygen     " 

183  10000 

Tbe  atomic  mtio  Is  found  therefore  by  dividing  Ae  pertentaget  nf  Ae  tltntmi* 
fiy  (A«r  atomie  tet^hlt.  In  tlte  present  cose,  the  formula  Ci.it (Hi. ■••Oi.»* 
expresses  the  relative  number  of  atoms. 

It  now  remains  to  find  the  smallest  whole  numbers  that  express  exactly,  or 
approximately,  the  same  atomic  ratio  as  those  directly  obtained  by  such  calcula- 
tion. This  is  usually  best  done  by  dividing  each  number  by  the  smalleet,  and 
multiplying,  if  necessary,  the  resuliiug  quotients  by  some  number  that  will 
wholly  or  nearly  eliminate  their  fractioikal  parts: 

8-396  +  8-396  =  1         X  8  =  8 
7-690  +  8-39«  -  S-888  X  3  =  6-999 
8  296  +  S-296  =  1         X  8  =  8. 

It  can  DOW  be  seen  that  8,  7,  8  are  the  smallest  whole  numbers  which  can 
express  the  relative  number  of  atoms  of  carbon,  hydrogen,  and  oxygen  respec- 
tively, <«.,  that  CiHtOi  is  the  empirical  formula. 

When,  as  In  the  present  example,  the  percentage  composition  is  calculated 
from  a  formula,  the  empirical  formula  deduced  from  It  will,  of  course,  exhibit 
the  same  relative  number  of  atoms  as  the  ori^nal  formula,  except  the  slight 
variation  arising  from  neglecting  fractions  In  divisions.  But  when  the  empirical 
formula  is  deduced  from  a  percentage  composition  found  by  analyds,  It  cannot 
be  expected  that  the  calculated  atomic  latlo  can  be  expressed  exaet^/  by  small 
whole  numbers. 

OppBBXAini  found  by  actual  analysis  of 


which,  calculated  as  above,  gives  C(.,T(H,.TitOi-iii  as  the  first  formula.    Divid- 
ing each  number  by  the  least,  this  becomes  CiHi.titOi.tu.  which  multiplied  by 
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S  gives  CiHt.*tiOi.ti(.  These  laBt  numbers  ebow  tlutt  Oia  carbon.  bTdngen, 
uid  ozjgen  atoms  [ound  bj  aiulyiia  are  eo  □earlj'  in  tbe  proportion  3,  7,  ^  thai 
it  to  reusonable  to  believe  that  C|H,Oi  ie  a  correct  empirical  formula,  and  that 
the  Blight  differencea  from  these  numbers  exhibited  bf  the  numbers  sctnally 
obtaiDed.  are  due  to  defects  inherent  in  the  method  of  analjsis  used.  We 
can  judge  better  whether  such  differencea  are  greater  than  maj  be  due  to  emr 
In  analysis  by  calculating  from  tbe  deduced  formula  the  percentage  cMDpodlion 
, which  It  requires  and  comparing  it  with  that  found.  The  compodtioit  found 
may  also  be  compared  with  that  required  by  any  other  assumed  ftvmula  wUdi 
it  indicates  to  be  possible. 

Foiuid.     Calculated  rorCH.O).   rorCtH.Ov 

Carbon 88-81  38  66  3»-«7 

Hydiogen 7-71  7W  7 « 

Oxygen 03-98  SS^O  52-80 

100-00  100-00  100-00 

8.  FSvm  t^  pereenlagtt  of  group*  cf  tlemenl*  in  compowndt, 
a.  When  ttomorjAoui  eonitHv«nt»  are  net  pretent 

In  the  analysis  of  oxygen  salts,  although  data  are  obtained  from  wUch  the 
percentage  of  each  element  or  each  radical  present  might  be  computed,  it  isfsr 
more  convenient,  and  in  fact  customary,  to  calculate  the  percentage  of  oiidea 
and  water  equivalent  in  quantity  to  the  elements  (see  §  87,  p.  181) 

For  example,  the  results  of  the  analysis  of  sodium  ammonium  phoqihatc 
-were  presented  in  tbis  form: 

Na,0       1T98 

(NH.),0     15 -88 

80,         46-00 

H,0        3084 

100-00 
From  this  statement  the  percentage  of  each  element  might  first  be  calcolsted, 
and  next  the  empirical  formula  by  the  method  already  deflciibed.    The  same 
end  may  be  attained  by  the  following  shorter  course. 

Applying  the  term  "molecule"  to  each  group  of  elements  here  presented,  it 
is  evident  that  the  relative  number  of  molecules  of  sodium  oxide,  ammoniuie 
oxide,  sulphuric  anhydride  and  water  can  be  found  by  dividing  the  quantity  of 
each  by  Its  molecular  weight — a  process  the  same  in  principle  as  that  employed 
for  calculating  atomic  ratio  (p.  848). 


Belatlvena 

Na,o     17 -ea 

+     6308     = 

■3888      + 

(NH.),0      IB -88 

+     6308     = 

■3928      + 

SO,          48-00 

^-     80- 

■5750     + 

H,0         20-84 

+     18- 

1-1577      -t- 

=     4-00 

The  numbers  1, 101,  1-90,  4,  are  so  nearly  in  the  same  proportion  as  1, 1.  9.  4. 
that  there  can  be  no  doubt  that  (Na,0),(NH,),0),(80,),(H.O).  ia  a  corrert 
formula.  This  formula  shows  necesssHly  the  same  grouping  of  elements  th*l 
was  used  in  stating  the  percentage  composition.  Rearranging  the  onler  in 
Which  the  symbols  of  the  elements  stand,  (Na,O),(NH0,O),(8O,),(H,O).  = 
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NatNiBtHiiOii,  and  dividing  hj  3,  we  obttuii  Uu  sUicUjr  empiricu'.  rormula 
N»N8B.O.. 

BatioiuU  formula. — Hariog  obtained  tbe  empirical  formula  of  a  compoand. 
Bq;  theoretical  conclusion  regarding  its  molecular  weights  may  be  expieased  hy 
iacreasing  (if  necessary)  each  atom  an  equal  number  of  times;  and  any  suppou- 
tion,  suggestion,  or  conclusion  regarding  its  chemical  conatiCution  may  be 
expressed  by  a  conformable  arrangement  of  the  atoms.  From  the  empirical 
fonnulffi  of  moat  oxygen  sails  rational  foimulx  may  be  readily  deduced.  In 
the  above  case,  for  instance  (sodium  ammonium  sulphate),  NaNSHiOi  = 
NaNHiSOiH.O.  i  a  rational  formula  implying  that  the  nitrogen  exists  in  the 
form  of  ammonium  and  the  sulphur  in  the  form  of  the  acid  radical  BOi 
(sulphuryl). 

By  inspection  of  the  conaponent  psrts  of  this  fbnnula  it  ia  seen  that  the  sum 
of  the  quantivalence  of  the  tno  basic  radicals  Na'  and  (NHt)'  equals  that  of  the 
acid  radical  (SOi)'-  The  salt  must  therefore  be  a  normal  salt,  and  none  of  the 
hydrogen  can  be  In  combination  with  either  basic  or  acid  radical  Two  atoms 
of  oxygen  are  required  to  unite  the  radicals,  leaving  (H(0)(.  This  leads  to  the 
conclusion  that  the  4  atoms  of  hydrogen  exist  in  the  form  of  water,  which  is  in 
a  state  of  combination  called  water  of  erf  atallization— 

NaNH.80,H.O,  =  ^^Io>  ^^'  +  ^^•*^- 
b.   When  uomorphout  eonitifuent$  anpretent. 

In  deducing  formule,  it  must  be  borne  in  mind  that  closely  related  elements 
or  radicals,  more  especially  tbe  basic  metals,  may  replace  each  other  in  all  pro- 
portions. Elements  of  like  quantivalence  are  oftenest  found  replacing  each 
other,  hut  in  some  cases  equivalent  amounts  of  elements  having  different  valence 
appear  to  replace  each  other.  The  following  example  will  Illustrate  tbe  kind 
of  formula  and  method  of  deilucing  it  commonly  used  in  such  cases. 

8.  L.  PsifFiELD  found  by  analysis  of  tripbylite  the  following  compodUmi; 

Holeculiu'wel^ta.        Hoi.  mUo.  At-RUIo. 


FeO 

36  40 

+ 

73         ^ 

MnO 

17-84 

71 

CaO 

■24 

M       = 

MgO 

■47 

40       = 

Lito 

9M 

80       = 

N"^ 

■85 

-1- 

78-08  = 

815    X    3    =    P 

■830 

SM                       Pe 

■8661 

351                       Hn 

■251 

004                       Ca 

■004 

■013                      Mg 

■oia 

813    X    2    =    Li 

■634/ 

■006    X    3    =    Na 
n 

■010  1 

99  84 

rflsregardlng  the  small  amount  of  water,  the  relative  numbers  of  molecules 
of  the  oxides  (mol.  ratio)  are  first  found  by  dividing  quantities  by  molecular 
weights,  HB  in  tbe  preceding  example.  Next  the  atoms  contHioed  by  tbe  mole- 
cules ara  written  in  another  column  (at.  ratio).  Tha  eolvmn,  xmHi  tlte  adjoined 
1/mboU,  it  the  empirieal formula.  It  is  apparent,  or  can  be  proved  by  trinl,  that 
the  numbers  of  different  atoms  are  not  in  any  simple  ratio.  Such  an  atomic 
relntlon  is  to  be  expected  when  isomorphous  constituents  are  present.  It 
remains  now  to  unite  the  atems  of  such  elementR  oa  are  supposed  to  be  capable 
of  mutually  replacing  each  other,  and  ascertain  whether  tbe  numbero  thus 
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obtained  an  In  tmy  ilmple  proportioa.  For  this  purpoee  let  R*  repKMDt  dm 
atom  of  my  dyad  basic  metal  and  R  oae  atom  of  anj  monad  basic  metal  pitseat 
TlieEumof  thedfadatoiUBia'QSS;  Uiat  of  the  munad  atoms,  '6S4,  as  above  sbown. 
The  atomic  ratio  thug  obtained  la  expressed  by  the  fonnnla  R'».R?itP.»OiHi: 
or  simpler,  dividing  by  680,  almost  ezacilj  by  R'R'PO.  nliicb  ia  equal  to 

(PO)"'^0>*' 
\0-R', 

anhydrous  normal  Uthium  ferrous  phosphate  in  which  iron  ia  partially  iGptMed 
by  manganese,  magnesium,  and  calcium;  and  litliium  to  a  slight  exienl  ^ 
sodium. 

It  may  Iw  here  observed  that  in  presenting  atomic  ratios  in  connectioD  with 
analyses  of  natural  osygen  salts  (minerals),  computation  and  stalemeot  of 
oxygen  atoms  is  often  omitled,  ^nce  they  may  be  deduced  from  a  formula  dw*- 
Ing  the  otber  constituents.  Omitting  oxygen  in  the  above  example  we  ban 
R'R'P.  By  referring  to  the  percentage  composition  it  ia  seen  that  for  two  F 
five  O  must  be  present, —for  two  K'  one  0,— for  one  R'  one  O.  Doubling 
R'R'P  and  appending  to  each  conatiiuent  the  required  oxygen  atoms,  wehstt: 
R'iO,R',OP.O.  =  R'lR'iFtOt,  and  dividing  by  2,  R'R'PO.,  as  before. 


by  Google 


TABLES  FOR  THE  CAICUUTION  OF  ANAITSIS. 


Tabi^L 

K 

WOWL* 

3400 

ATOMIC  WSIBWK 

Aluminium 

or  THE  BiiM«i.nm 

Alt          27  60 

Hagneaiiim 

Aotiraonv 

Bbt 

183-00 

Manganese 

B6-00 

Afsenic 

As 

7500 

MercuiT 

Molybdenum 

Nickel 

^o 

300-00 

Barium 

Ba 

18700 

sa-oo 

BiBmuth 

Bi 

aoeoo 

Ni 

69-00 

Boron 

B 

11 '00 

Nitrogen 

H 

14-04 

Bromine 

Br 

•n-95 

Palladium 

0 

16-00 

Cadmium 

Cd 

11200 

Pd 

106-58 

CBtAim 

Ca  .. 

IBS  00 

PbosphoniB 

P 

81-00 

Calcium 

Ga 

40-00 

Platinum 

Pt 

19718 

Carbon 

C 

13-00 

Potassium 

K 

89-18 

Cblorine 

CI 

85-46 

Rubidium 

Rl> 

65-40 

Chromlnio 

Or 

63-48 

Be 

79-00 

Cobalt 

Ck. 

M-00 

Billcon 

Si 

38-00 

Copper 

Ca 

68-40 

Silver 

¥. 

107-98 

Fluorine 

Fl- 

19-00 

Sodium 

38-04 

Qold 

Au 

196-71 

8r 

87  60 

Hydrogen 

H 

1-00 

Sulpbor 

8 

sa-oo 

Iodine 

I 

136  86 

Tin 

Sn 

118-00 

Iron 

Fe 

66-00 

Titanium 

Ti 

00-00 

Lead 

Pb,, 

307-00 

Ur 

887-60 

LitUam 

Li 

7-00 

Zinc 

Zn 

66-06 

TABLE  n 

OOKPOBmtm  or  thb  babic  abd  acid  oxtobs. 

GWKJp  L 

«. 

sahic  oxmsH. 

CfBsia. 

Cb,. 

..36600.... 
...  1600,... 

...  H-8B 

0.. 

...    5-67 

Ce.0 

..88300.... 

...100-00 

RnMdift. 

Kb, 

...170-80.... 
...  16-00.... 

...  91-48 

O.. 

...    8-57 

Rb,0 

..186.80.... 

...100.00 

*  [Tbe  nDmbers  bere  given  ue  based  on  the  Momk  welghta  naeil  In  tlie  sixth  Qennan 
editton,  tlie  alomlo  TslgbtH  of  the  "  old  lyMam"  being  doubled  w: 

tBecent  critical  InrcBtlmtlons— by  J.  P.  Cooxx,  on  Uie  etom 
J.  -W.  Haumt,  od  that  at  aliimlnliim.  IwTe  conoliudTely  iliown  that  ISO  and  Wt'Oi  reqMCthaly 
■liould  be  taken  aa  Uie  etomlo  ireighie  of  theee  elements. 
I  cl..  iS.lB.Atomki'Welghtof  ADtlmoer.aodPbiloaophlcalTI 
■Ion  o(  the  Atooito  Weight  of  A' 


[>f  the  Bo;»l8Mie^. 


by  Google 


SCO  TABLE  II. 

PottM* K, 

O 

K,0 

8od» N«, 


1«00.... 

....  BB-OS 
....  1617 

94  80.... 

....10000 

«08.... 

....  74JI 

«»08.... 

. . . .100  00 

8000.... 

100-00 

Ammonium  ozidB (NB.). 8S-10 »W 

0 18-00 jo-n 


Qbodp  n. 
Baryto 


cim,).o 0S18.. 


..1S800 100  M 


BiO 108-W.. 


C»0 MOO 10000 

..Ml 8400 aOOB 


..Al, 6B-00.. 

O, 4800.. 

AliO, 10800.. 

..Cr, 104-88.. 

0 4800.. 

Cr,0. 153-M. . 


.  «6M 8016 

.  1800 1»T* 


by  Google 


TABLE  II, 

851 

Jin 

MOO... 

....  77-46 

Hangaoic  oxide 

Mn. 

Mn,0. 

15800... 

....lOOOiJ 

5900... 

NiO 

7500... 

...10000 

Cobaltoug  ozlde 

Co 

0 

5900.... 

1800... 

...  78-67 
...  21 'SS 

CoO 

7500... 

...100  00 

11800... 

4800  ... 

0 

...  28-98 

Co,0. 

16600... 

...10000 

0600... 

.       FeO 

78-00.. .. 

...10000 

IterrlcoUde 

Fe. 

0. 

11800... 

4800.. . 

...  7000 
.  ..  8000 

F6.0. 

Gboup  V. 

ffllTcroiide 

Ag. 

0 

816-86... 

1600... 

....  9810 
....    6-90 

Ag.O 

281-86... 

....10000 

90700... 

....  98-88 

0 

PbO 

288-00... 

....10000 

Hg. 

0 

400-00.... 

1600.... 

...  OfllB 
...    885 

He.o 

41600.... 

...100  00 

Mercuric  caide 

■■■■ Hg 

0 

90000.... 

1600.... 

...  92-S9 
...    7-41 

HgO 

b,  Google 


808  TABLE  II. 

Cuprotuoxicb Cui 

O 

Cn»0 

OuprlcoiUe Co 

O 

CaO 

Bismmh  tiiozlda ffi. 

O. 

BUO. 

Cudmlnin  oxide.  _ Cd 


ObootTL 

Auric  oxiife 


■00... 

....  use 

■80... 

. . .  .100  w 

-40... 

TB-es 

■00... 

. . . .  »■« 

■00 

■00.... 

...  »■« 

■00.... 

. . .  .lOOW 

-00 

87-» 

■00... 

....ioo-» 

AotO. *4000.. 


PtaOnic  oxido Pt.., 


..  iD-n 

.  .lOt-W 


AnUmoDknu  oxide.. 


..Bb, 244-00.. 

O, 4800.. 


Btanmnis  oxide  .. 


O. 1600.. 

SnO. 13400.. 


..  II  M 
. .lOO-OD 


Stannic  oxide.- 8n 118-00 WW 

O, 82-00 M-3J 

8dO, 15000 lOD^OO 

Aneniou  oxide. Am .160-00 W-M 

O... 48-00 M-H 

Ab,0, lW-00 100  W 


..Ae, 15000 «S-a 

O, 80-00 W-W 

AMtOt. 28000 lOO-M 


by  Google 


TABLE  11. 

853 

b.  ACID  OZIDBB  (AasmiUDBS). 

Chromic  anhydride. . . . . 

,.  6a-48.... 
..  48-00.... 

.100-48.... 

....  6228 

CrO, 

....10000 

Sulphuric  anhydride.... 

a 

0 ; 

60. 

.  8200.... 
.  48-00.... 

.  80-00... 

....  40-00 
....  60-00 

....10000 

P, 

0^ 

.  80  00.... 

....  M-M 

P.O. 

,]4aoo.... 

...  10000 

B, 

0, 

B.0, 

.  aaoo.... 

.  4800.... 
.  TOOO.... 

....  81-48 
....  68-«7 

....10000 

Oxalic  anhydride. 

CO. 

.  S4W.... 
,.  48-00.... 

,.  7200.... 

....  88-88 

....  6e-«7 

....100-00 

c 

0, 

.  1800.... 
.  8800.... 

.  44  00  ... 

.  3800.... 
.  83-00.... 

.  6000.... 

....  27-27 
....  73-78 

Si 

0^ 

8i0, 

.  ..  58-88 
....10000 

.  3808.... 
.  80  00.... 

.108-08.... 

0. 

N,0. 

:...  74-03 
10000 

cu 

0.. 

cuo. 

,.  7093..,. 
.  8000.... 

,.i»-oa.... 

....  46-M 
....  6801 

....10000 

b,  Google 


TABtE  III. 


Tbli  Table  conUina  onlj  some  of  the  more  frequently  occurring  c<»ip« 
the  twmalB  preceded  by  I  gire  absolutely  ucnnte  results. 

Fob  Iroboahic  AnAi-TSn. 
CAKOos  Dioxmi. 
I  Cilcfnm  Carboiurte  X  0.44  =  Carboa  dioxide^ 


m-nr  chloride  X  0^78  =  Chlorine. 

COF 

Cupric  oxide  X  0-TS61B  =  Copper. 


t  Fanto  oxide  X  0-7  =  Iron. 

I  Peitic  oxide  X  0-9  =  Feiroua  oxide. 


Lead  oxide  x  0-0288  =  Lead. 

u 
Hagnealum  pyiophoaphate  X  0-86088  =  Uagneaik  >, 


Frotoseaquioxide  of  manganese  X  0-790SS  =  Hanganeae. 
Frotoeeequioxlde  of  manganese  x  0*08018  =  Hanganous  ozida^ 

PHOSPHOBIO  AXETDBTOE  (PiO.). 

Magnesium  pyiephoiqihate  X  0-8806  =  Phoephoric  add. 
Dranyl  pyroiJiospbate  (CUO.)J,0,)  X  O'lWl  =  P.O.. 

porrAMTtm. 
Potassium  chloride  x  05848    =  Potasdum. 
PotBBBlum  sulphate  X  0'fl40B2  =  Potassa. 
Potassium  pUtinIc  chloride  X  0-80SS7. 


Potassium  platinlc  chloride 
8-3736  ' 

Potasainm  platinlc  chloride  X  O-lOSOS 

Potaadum  platinic  chloride 
6-179 


=  Potaasiam  (diloridb 


by  Google 


TABLE  nX. 


Bodiom  oMoride  X  0-S806    =  Soda. 
Bodlnm  Bulpbate  X  0'48eM  =  Boda. 

BUIiPUlIU. 

Buiumsollduae  X  0-1B784  =  Sulphur. 

SUIiFEDBIO  AOID. 

Beuium sulidute  x  OSiSSB  =  Bulphutlc  anliTdilde (BOi). 
Fob  OBSAino  ASA1.TSII1. 

OAXBMI. 

Carbon  dioxide  X  0-8787  ' 

Carbon  dioxide 
S-6W 

Carbon  dloxtde  X  « 


Water  X  011111 

or 
Water 


Ammoniam  platlnlc  chloride  X  0-OB2H  =  Nlbogeo. 
Platinum  X  0-U31  =  Kltrogen. 


by  Google 


Sbowliig  the  AmooEtof  Ike 
NnmbeTofttM 


Aluminium 
(Ammonium). 


Alumina 

A1.0. 

Ammonium  cbktride 

NH,CI 

Ammoniom  platinic  cbloride 

(NH.Cl),-  PtCI. 


Ammonium  pistinio  chloride 

{NH.(Si.-PtCI. 

AntimoDloua  oxldfi 

8b,0, 

AntimoaiouH  sulphide 


AnUmonfouB  sulphide 

Bb.8. 

Antimonv  tetroxide 

Sb.O. 

Aneoioue  oxide 

As,0, 


Anenic  oxide 

As,0. 

Araealc  oxide 

Aa.0. 

Araenious  sulphide 

A».8, 


Anmiooe  aolphldo 

Ae,8, 

Baryta 

BaO 

Barium  mlphate 


Ammonia 
NU. 

Ammonium  oxide      (Lilt" 
(NH.),0 


Ammonia 
NE, 

Antimony 


AntlmonlouA  oxide  0.E9EB 

8b,0.  I    ^„ 

AnUmouiona  oxide  OlHW 
8I>.0. 


Arsenious  oxide 

As.0. 
Araeoioua  oxide 

Aa^. 


Araenlc  oxide 
A3.0. 
Barium 


disss 


am' 

(LWS8 


(LNW 

awe 


by  Google 


Constituent  sought  for  c 
Oompound  found. 


. 

S 

* 

6 

a 

T 

S 

» 

1.06796 

1.601»4 

S.18593 

3.06090 

a  20889 

a  78787 

437185 

480588 

0.68701 

0.B55S1 

1.27403 

1.S92S3 

1.01108 

3.839S8 

3.S4804 

S.86654 

0.2SSS8 

o.aso«o 

0.46706 

0.58888 

0.70060 

0.81786 

0.98418 

1.05D69 

0.1S383 

0.S3BS8 

0.80664 

0.88205 

0.45846 

0.584B7 

0.61128 

0.887W 

1.67128 

S.S08S5 

a8«a47 

4.17808 

6.01ST0 

5.84983 

6.68104 

7.52055 

1.48S39 

S.152H 

3.87069 

8.08884 

4.80688 

8.03868 

6.74118 

6.45883 

1.71765 

S.57647 

8.48B80 

439413 

5.15304 

6.01177 

6.87050 

7.72949 

1.8H10 

a.84416 

a 79331 

4.74026 

5.68881 

6.68686 

7.68442 

8.5824? 

i.sin« 

2.27374 

8.08082 

178790 

464548 

5.80806 

a06064 

6.818aS 

1.804S0 

1.06652 

a.60870 

&a6087 

a  91804 

,.«m 

5.21789 

5.86067 

1.72174 

3.58361 

8.41843 

480485 

6.16581 

ao3eo8 

6.88695 

7.74783 

1.M07S 

3.41468 

8.31951 

402489 

483937 

5.68415 

6.4S003 

7.24890 

1.88993 

S.8MB8 

8.78984 

467480 

6.60975 

6.54471 

7.47067 

a41468 

1.79085 

3.68687 

8.68170 

447713 

S.87255 

6.26797 

7.168401 

a06889 

i.sisao 

1.96996 

3.63661. 

a388a6 

a989gi 

459056 

6.26829 

6.00987 

b,  Google 


Barium  orbonato 

B4CO, 

Bariuio  rilico-flnoride 

BaFL-aiFl. 

BUmuth  trioxlde 

B1.0. 


Buyht 
BaO 
Barrta 
BaO 
Blamuth 
Bl 


0.77BSS 
0.U8S8 


Boracic  aubvdiide 

B.O. 

Sllrer  bromide 

AgBr 

Cadmium  oxide 

CdO 


Bromine 

Br 
Cadmium 


0.3142S 
0.8'raOD 


OaO 
Calcium  nilplute 

CaSO, 
Calcium  carbonate 

CaCO. 


CaO 


O.T14S> 

auiTt 


Carbonic  acid 

CO, 

Caldum  carbonate 

CaCOi 

Silver  chloride 


Carbonic  add 

CO, 

CUorins 


Cr,0. 

Chromic  oxide 

Cr,0. 


HTdrocbloHc  acid 

Ha 

Chromium 


0.35197 
0.88S1> 
1.81881 


Lead  chromate 
PbCrO. 
Cobalt 


Chromic  anhydride 

CiO, 
GobaltouB  oxidn 

CoO 
Cobal tons  oxide 

OoO 


0.»0t! 

l.«lll 


by  Google 


» 

t 

4 

» 

B 

T 

S 

• 

1.56880 

2.8390e 

3.10660 

8.88835 

465000 

6.48666 

6.81880 

6.96086 

1.09677 

1.64fil6 

2.10866 

'3.741M 

8.39082 

8,88871 

4.88710 

4.98648 

1.70810 

2.S8060 

8.68680 

4.48276 

6.87980 

6.27686 

7.17340 

8.06890 

0.63867 

o.Hase 

1.26714 

1.S711S 

1.88673 

8.20000 

2.61429 

8.828B7 

0.8S107 

1.37661 

1.70216 

2.12768 

3.66823 

8.97876 

8.40480 

8.88088 

1.75000 

2.63000 

8.00000 

4.87600 

6.25000 

6.12000 

7.00000 

7.87B00 

1.438B7 

2.11286 

2.86T11 

8.57118 

4.28071 

0.00000 

6.714S0 

6.12867 

0.82808 

1.38020 

1.M706 

2.00883 

3.47000 

2.88386 

8.80413 

8.70688 

i.iaooo 

1.6B000 

3.24000 

2.80000 

8.80000 

8.09000 

4.48000 

5.04000 

0.6154a 

0.81818 

i.ooooi 

1.86864 

1.68686 

1.00900 

3.18181 

3.46406 

0.88000 

1.82000 

1.76000 

2.30000 

8.64000 

8.08000 

8.52000 

8.90000 

0.40100 

0.71188 

o.ee»io 

l.a86« 

1.48878 

1.78108 

1.07888 

8.28068 

0.608S4 

0.76281 

1.01708 

1.27186 

1.52668 

1.77000 

3.08417 

2.28811 

1.87288 

2.05808 

2.74177 

8.48006 

4.11716 

4.80881 

0.48961 

6.17878 

2.«sgm 

S.H143 

6.S0028 

6.66901 

7.88285 

0.10666 

10.61016 

11.82127 

0.6aiM 

0.08187 

1.3«U0 

1.66811 

1.8SS78 

3.17486 

3.48408 

2.79660 

3.64287 

8.81800 

S.08474 

6.80508 

7.63713 

8.80880 

10.16019 

11.11067 

0.W774 

1.46101 

1.98648 

2.41085 

3.90828 

8.88710 

8.87097 

4.80184 

b,  Google 


TABLE  IT. 


^^^ 

^. 

SoDKlt.                          I 

CotaU 

CobkltouB  ■ulpbate  +  potMdnm 
2(CoSO.)  +  8(k,BO,) 

fl(Oo8O0?l£k.8O,) 

Cobeltous  oxide 
CoO 

Colwlt 
Co 

0.18D1S 

0.141TO 

Copper 

Cupric  oxide 
CuO 

°sr 

aTWtt 

Cuprous  niitddde 

*^  Cu,a.  "^ 

Calcium  fluoride 

CmFl, 

Fluorine 

Fl 

o.n8« 

Fluorine 

o.4»ns 

Hydrogen. . . . 

BUicon  fluoride 

BiFl. 

Water 

H,0 

Silver  Iodide 

Fluorine 

Fl 
Hycte«en 

Iodine 

I 

0.11111 

Iodine 

asMtt 

Iron 

PeUadlous  iodide 

Pdl. 

Ferric  oxide 

Pe,0, 

Ferric  oxide 

Fe.0. 

Iodine 

I 

Iron 

Pe 

Perrotu  oxide 

FeO 

(iTw; 

O.MI0« 

Le»d 

Ferrom  tulphide 

FeS 

Le«d  Mide 

PbO 

Lead  anlpttnte 

PbSO. 

Iron 

Pe 
Lead 

Pb 

Leadoxido' 

PbO 

0.a8«M 
0.»389S 

o.nsn 

lithium. 

LeMl  snhJiide 

Uthium  csrbonale 
Ll,Co. 

Le«I 

Pb 

Lead  oxide 

PbO 

lAihig, 

Li.O 

e.«8S17 
0.MU1 

b,  Google 


a 

8 

4 

5 

9 

T 

S 

9 

0.860S4 

0.51036 

0.7U048 

0,90060 

1.08073 

1.26084 

1.44096 

1.63106 

0.38889 

0.42608 

0.56S76 

0.70847 

0.85016 

0.99ISB 

1.1835S 

1.37525 

1.506S8 

3.SD547 

3.19896 

8.00344 

4.70003 

5.58943 

6.38791 

7.18640 

1.09698 

2.89547 

ai9896 

8,99344 

4.79098 

a.BSMSi 

6.38791 

7.18640 

0.97486 

1.46164 

1.94873 

3.48690 

3.03807 

8.41037 

3.89748 

488461 

1.461U 

a.  19281 

2.93808 

3.65886 

4.88461 

6.11588 

5.84815 

6.67693 

0.232SZ 

0.3SS3S 

0.44444 

0.56556 

0.66667 

0.77778 

0.88889 

1.00000 

1.08089 

1.62088 

S.16118 

3.70147 

8.34176 

8.78306 

433385 

486264 

1.40886 

3.11363 

3.81670 

8.63087 

4.32606 

492032 

6.B8S40 

6.88re7 

1.40000 

3.10000 

3.800O0 

8.60000 

490000 

490000 

5.60000 

6.80000 

1.80000 

3.70000 

3.60000. 

4.60000 

5.40000 

6.80000 

7.20000 

ftlOOOO 

1.S7S78 

1.90900 

3.54646 

8.18183 

8.81818 

446466 

6.00091 

5.78738 

1.866S0 

3.78476 

171800 

464136 

6.66961 

6.49776 

7.43601 

8,36436 

1.4710S 

3.30703 

3.94890 

8  67987 

441684 

6.16182 

5.88779 

6,62877 

1.86684 

3.04960 

3.78367 

8.41684 

4.00901 

47831B 

6.46684 

6.14851 

1.86611 

3.79916 

&78333 

4.S663T 

6.60883 

0.68188 

T.46448 

a39749 

0.81081 

1.31633 

1.62162 

3.03708 

3.48248 

2.88784 

8.34834 

8.61865 

b,  Google 


Nickd... 
Nitrogen. .... 


Litbium  sulphate 

Ll.SO, 

Lltblum  phosphate 

Lt,PO, 

Hafsesift 

HgO 


Haenednm  sulphate 

HgSO, 

Hagnedum  prrophcwphate 

MuinDout  oxide 


FrotooMquiozlde  of  manffaaese 
]HnO  +  Mn,0, 
Hnnganic  oxide 
llii,0. 


Hangfmnna  sulphide 

HnS 

Hamnnous  aulphide 

MnB 

HercuiT 

H« 


HercniT 

Bg 

Mercurous  chloride 

Hg.Cl. 

Mercuric  sulphide 

HgS 


Nickelons  oxide 

NiO 

Ammonium  plstinic  chloride 

(NH^Cl),.  PlCl, 

Platinum 


LitbiA 

u,o 

Liibi» 

Li,0 

Haene^um 


Hanieaia  0.S3S0 

HgO 
Magneda  O.3H0t 

MgO  ! 

Hannoesc  ,  O.Ti4A5 


Hanganoua  oxide 

HnO 

Hanguieae 


Mercuric  oxide 

HgO 

,    MercniT 

Hg 

Mercury 

Hg 


Nitrogen 
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0.546iS 

0.S1818 

1.09001 

1.86864 

1.68886 

1.90009 

3.18182 

8.46464 

0.77580 

1.1SS79 

1.SS172 

1,»80S6 

2.82768 

2.71668 

8.10845 

s.mds 

l.a0061 

1.80001 

2.40121 

8.00161 

8.60188 

4.80818 

4.803^ 

6.40878 

assTW 

1.0D0S1 

1.8B401 

1.667B1 

3.00101 

8.88461 

8.66803 

8.00168 

0.7aW8 

1.08106 

1.44144 

1.80180 

8.16816 

2.68268 

8.88888 

8.34824 

1.6M80 

%82804 

8.0&8S9 

8.87824 

4.64780 

6.48864 

6.18718 

6.97188 

1.4«06 

8.16167 

2.88810 

8.80868 

4.83814 

6.04887 

6.76410 

6.48473 

1.S9241 

2.06801 

2.7S4S1 

8.48108 

4.17788 

4.87848 

0.66968 

6.38588 

O.»4040 

1.41080 

i.88oeo 

8.86099 

8.88119 

8,29189 

8.761S9 

4.88170 

i.esais 

2.44826 

a2648? 

4.08046 

4.89066 

671864 

6.SS8T4 

7.84488 

l.aM87 

1.89SSS 

2.B2674 

8.16008 

8.7*810 

4.48689 

6.06747 

6.68066 

3.08000 

8.12000 

416000 
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6.84000 

7.88000 

8.88000 
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8.24000 

4.82000 

6.40000 

6.48000 

7.66000 

&64000 

0.78000 

1.69880 

2.54830 

8.sa?«o 

4.84701 

6.00641 

6.94681 

6.79631 

7.64461 

1.7S414 

9.686S1 

8.44828 

4.810S1 

6.17841 

6.08448 

6.80606 

7.76868 

1.67888 

9.86000 

M4887 

8.98888 

47200O 

5.50667 

6.28884 

7.08000 

0.1SS01 

0.18887 

0.86188 

0.81478 

0.87774 

0.44069 

0.60865 

0.66660 

0.2M8S 

0.42723 

0.06968 

0.71204 

0.86446 

0.00686 

1.18026 

1.38167 
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Bllver  cvanide 

AgCN 
Alumtiw 


AatitDonloiu  oxide 

8b,0, 

AneniouB  oxide 

Ab,0, 

Arsenic  oxide 

As.0, 


BlimiiUi  trioxlde 

Bi.O, 
CMimhim  oxide 

CdO 


Chromic  oxide 

Cr,0. 

CobftltoiM  oxide 

CoO 

Capiic  oxide 

CuO 


Perroiu  oxide 

PbO 
ferric  oxide 

Fe,0, 

Leadodde 

PbO 


HKneeia 
MgO 


Cytmogen 

CN 

HydroeyBDlG  ncid 

HCN 

Oxygen 


OxTgen 


Oxygen 


Oxygen 
Oxreen 


Oxygen 
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0.S8874 

0.C8S12 

0.77748 

0.97186 

1.16028 

1.86060 

1.66498 

1.74985 

0.40387 

0.60551 

0.80784 

1.00918 

1.21103 

1.41266 

1.61469 

1.6ieS3 

0.S88M 

1.S0806 

1.86408 

3.88010 

2.79611 

8.20218 

8.73816 

4.10417 

0.88877 

0.4981S 

0.66764 

0.83193 

aoseso 

1.16009 

1.81007 

1.47940 

0.48484 

0.7a7M 

0.96068 

1.31310 

1.40462 

1.69694 

1.93986 

2.18178 

o.e«6es 

1.04848 

1.89180 

1.78918 

3.08606 

3.43478 

3.78W1 

3.18048 

aaoBis 

0.81878 

0.41880 

0.62368 

0.63746 

0.78208 

0.88660 

0.H118 

0.20690 

0.81086 

0.41880 

0.51726 

0.62070 

0.78416 

0.83760 

0.08105 

0.20000 

0.37600 

0.60000 

0.63500 

0.76000 

0.87600 

1.00000 

1.13600 

0.«27e3 

0.94148 

1.26624 

1.56905 

1.88286 

3.19667 

2.01048 

3.e243» 

0.4M67 

0.64000 

0.86S8S 

1.06667 

1.28000 

1.49888 

1.70666 

1.93000 

0.40802 

0.60468 

0.80004 

1.00766 

1.20907 

1.41068 

1.61309 

1.81860 

0.44444 

0.06667 

0.88880 

l.lllll 

1.88888 

1.66666 

1.77778 

3.00000 

0.60000 

0.90000 

1.20000 

1.00000 

1.80000 

2.10000 

2.40000 

2.70000 

0. 14800 

0.21636 

0.38700 

0.86874 

0,43049 

0.60324 

0.67809 

0.64074 

0.67148 

0.8S714 

1.14386 

1.42867 

1.71429 

2.00000 

3.38671 

2.67148 

0.70089 

1.19909 

1.69870 

1.99849 

3.S0818 

2.79788 

8.19768 

3.69727 

0.49070 

0;67606 

0.00141 

1.12670 

1.86311 

1.67746 

1.80388 

2.02817 
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BooShb 

t 

OxygfiU. 

Iin0  +  Mn,0.   " 

Cy. 

0.nMT 

""tt.""*' 

""(r 

0.90880 

Hercnrons  oxldo 
Hg.O 

"T" 

o-mu 

Mercuric  oztde 
HgO 

°T° 

OiOItfT 

Nickelo^  Ozlde 
NIO 

"T" 

0J13SS 

PoUau 
K,0 

"T" 

0.18S74 

BOldc  anbydrMe 
MO, 

"T" 

0.58tSl 

BOrer  oxide 
Ag.O 

"T" 

0.00»I 

8^ 
N«,0 

0^^ 

o.s7a 

Stroatls 
8rO 

"T" 

aiMss 

Stannic  o^Ao 
SnO, 

"T" 

o.auts 

H,0 

Oxy^ 

asaew 

ZlDcoxld* 
ZnO 

"'T 

aiB7« 

RMxphoiui... 

RioqAoric  Mhydride 
P,-Oi 

Phosphonu 

o.at«s 

"^^rof""'" 

FhoqthOTicBnhTdrlde 

0.«a8M 

PePO 

Phosphoric  ufardride 
P,0, 

P.O, 

Photpboric  anhydilde 

P.O. 

0.470M 

Ag,PO, 

o.i«as 
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0.5B890 

0.68848 

1.11790 

1.89788 

1.67686 

1.90638 

2.38681 

2.61638 

fc8075» 

0.B118O 

1.31510 

1.51899 

1.83878 

8.U608 

8.480S8 

2.78417 

aOTSOS 

0.11080 

O.U880 

0.10381 

0.38077 

0.86988 

0.80770 

0.84616 

0.14815 

o.^saa 

0.80680 

0.87087 

0.44444 

0.51868 

O.698S0 

a6e667 

0.49667 

O.M0OO 

0.8S88S 

1.06667 

1.38000 

1.40888 

1.70667 

1.99000 

0.88H» 

asooas 

0.67807 

0.84871 

1.01846 

1.18830 

1.86794 

1.63768 

1.QM67 

1.00000 

8.18888 

3.66667 

&30000 

8.7S888 

4.26667 

4.60000 

0.18801 

0.30703 

0.37608 

0.84008 

0.41404 

0.48800 

0.S0306 

0.63106 

0.S1S48 

0.77830 

1.08008 

1.38866 

1.04689 

1.S0413 

2.06186 

3.81909 

0.80018 

0.4«877 

0.618S6 

6.77206 

0.93708 

1.08313 

1.38671 

1.89180 

0.43M7 

0.64000 

0.868S8 

1.06667 

1.38000 

1.4888S 

1.70667 

1.03000 

1.77778 

8.66667 

8.66066 

4.44445 

0.88888 

6.22232 

7.11111 

8.00000 

0.8»480 

0.50330 

0.78060 

a98700 

1.18440 

1.88180 

1.07920 

1.77660 

0.S7S24 

1.80986 

1.74648 

8.18809 

8.61971 

8.00688 

&40995 

8.93967 

1.87028 

I.0IB02 

8.oa8s« 

8.10620 

8.88784 

4.47748 

6.11718 

0.78676 

0.04040 

1.41060 

1.88090 

8.86000 

3.88119 

&291S0 

aT6109 

4.88179 

0.88907 

o.Boeeo 

0.67814 

0.84767 

1.01781 

1.18674 

1.80638 

1.03681 

0.80691 

0.89781 

0.79641 

0.00061 

1.10462 

1.80873 

1.00382 
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PotM* 

E,0 
E.60. 
ECl 

E 

PotasM 

E,0 

Potassium 

K 

0.88a« 

ostm 

pDtaNdum  chloride 

ECl 

Foturinm  platink)  chloride 

(ECI),PtCIi 

Potudam  plattnic  chloride 

(E(5l),PtCU 

Potassa 

E.0 
Potassa 

K,0 
Potassium  chloride 

KCl 

o.«n8s 

0.19W 

Billooo. 

»liac  anhydride 

8iO, 

SUTfir  chloride 

BUverchk^do 

Agra 

BUioon 

Si 

surer 

Ag 

surer  ozlde 

Ag.O 

atfesr 

Win*. 

o-iisn 

O.80W 

Sodium 

Bodinm  sulphate 

Na,BO. 

Sodivm  chloride 

Naa 

Sodium 
Soda 

Na,0 

Man 
o.am 

0.5ION 

Strontiom.... 

BodhunchlMide 

NaCl 

Sodium  carbonate 

Na.CO. 

Stronda 

BtO 

Sodium 
Na 

Boda 

Ha.0 

Btnmtlum 

Sr 

Btronda 

Sri) 
StrontU 

Srt) 
Sulphur 
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o.Gastt 
aMM 

OSM 

aToiw 
aism 

Snlptor.... 

BrSO, 

SrCO. 

Barium  sulphate 

BaBO. 
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415128 
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6.64206 

7.47281 

1.08188 

1.82274 
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2.70407 
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443398 
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0.88616 
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1.15846 

1.86158 

1.04461 

1.78768 
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1.33338 

1.63786 

1.88848 
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2.44457 
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1.40O01 

1.86667 

3.S88S& 

3.80000 

8.36667 

8.7S38S 

430000 
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2.35811 

8.01081 

8.76861 
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6.36891 
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6  774N 

1.817D0 

3.48648 
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4.04847 

486086 

6.66940 

6.46795 

7.27646 

1.48494 
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2.96907 

8.71184 
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0.87887 

1.81081 
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2.18468 

2.62163 

8.05856 
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8.71419 
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461236 
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1.40889 
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2.80678 

8.60848 
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491186 
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0.8SSI5 
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1.17078 
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2.84146 

2.78170 
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8.51318 
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1.08004 

1.87888 

1.71674 

2.06008 

3.40844 

3.74678 
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1.57888 

3.86000 

8.14667 

asesss 

4.79000 

5.00667 

698884 

7.08000 

1.76867 

3.68000 

8.57888 

4.46007 
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6.35888 

7.14666 

8.04000 
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9.40780 

8.31040 
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481560 

5.61890 

6.49080 

7.83840 
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3.50646 

8.84008 
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tabu:  V. 
SFBcmc  GBATrrr  Am  absoldte  wsiobt  g 


Water, 


igen.. 


Water,  T«por  of. 

Carbon,  vapor  of. 

Cwbon  dioxide 

CwboD  monoxide. 

Hanh  gaa 

EUylgw 

PlitMpnoTUB,  Tapor  of, . , 

Sulpbnr,  Taper  i^ 

HTOrosulphuric  add... 

Iodine,  Tapor  of 

Bromine,  vapor  of. 

(Moitne 

Nitrogen 

Ammonia 

CTanogen 


0«S1U 
l'S2S»4 
0-96978 
009410 
0-96078 
4-394T4 
e-64&0S 
1-17709 
8-78806 
6-08003 
S-tfOSl 
0-06078 
0-SS879 
1-80109 


1-07084 
1 -97146 
l-SS4fl6 
0-7H89 
1-304C0 
S-SSS03 
8-60S7S 
1-02840 
U-8B006 

7i«6as 

817768 
1-3S4M 
0-76169 
S-8S001 


TABLB  VL 
ooMFAsiBoir  or  ths  DxaKBu  or  thx  xxbcubial  t 


Aeeording  iolLkairm, 

M  of  UiB  Dummial  Deeraaa  of  tha  air 

iuKOKtoKtier.  aarmaoBtt. 

100 lOfrOO 

100 14fr74 

900 197-49 

250 340-80 

800  894-01 

880 89MS 
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Acwnc  Aom  (reagent),  we  QnaL  Anal. 

Table  of  apedflc  gnriUee 070 

Acidimetry C7S 

Air,  analysis  of  atmoapheric 72S 

Air-pomp,  Sprengel'a  mercoij 089 

Alcohol  (reagent),  see  QuaL  .dnol.  and 106 

AlkalimeOj Ml 

Aluminiiim IM 

Determination HO 

Basic  acetate  of 151 

Basic  formate  of ISl 

Hydroxide 14» 

Oxide 160 

Bepantlon  from  alkali  metals MO 

alkali-earth  metals SOO 

chromlnm 000 

Ammoida  (reagent) 109 

Ammoniiun 18? 

Arsenio-molybdate. 198 

Carbonate  (reagent),  see  Qual  Anal. 

CUoride 187 

Chloride  (reagent),  see  QtioL  Anat. 

Determination S17 

P«TTOns  sulphate  (reagent) 118 

Holjbdate  (reagent),  see  QaaL  AnaL 

Ha^iednm  arvenate 191 

Nitrate  (reagent) US 

Oxalate  (reagent),  see  QimL  AnaL 

Phosphomotyfadate 196 

PlaUnic  chloride 187 

Separation  from  metals  of  group  IT 50? 

other  alkali  metals 481 

Bolphide  (reagent),  see  Qaal.  AnaL 
Succinate  (reagent),  see  QitaL  Anal. 

Antlmonlons  sulphide IM 
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ADthnoQj in 

Detanninatlon IH  W 

SeparatioQ  from  other  meiala  ot  group  YI SM 

metals  of  groups  I. — V.. 554 

Tetroxide 187 

Araenic,  detection  and  eRtlmatlon  in  presence  of  organic  matter T31 

Arteoic  (araeoious  and  anenic  acids). 

Separation  from  other  metals  ot  group  VI SN 

metals  of  groups  I— V 594 

Araenic  add,  determination  344 

Separation  from  other  acids 980 

AiMnlooa  acid,  detennlnation 8M 

Beparatlon  from  other  acidt 580 

arseiiic  acid 374 

Oxide IM 

Sulphide ISO 

ABbestos  flltem 100 

Auric  snljdtide ,. S74 

AxolomelcT,  SchifTB 038 


Acetate  (reagent) IIS 

Carbonate  (reagent),  lee  Qttal.  AnaL 

Carbonate 140 

Chloride  (reageot) 119 

Chromate IM 

Hydroxide  (reagent),  see  Qual.  AnaL 

Detenninatloa 287 

Separation  from  other  alkali-earth  metals 4M 

alkali  metals 488 

SUleofluoride 141 

Sulphate ...  1S8 

Bismuth IW 

Bafdc  chloride 181 

Basic  nitrate 181 

Carbonate 181 

Chromate  181 

DeterminatloD 818 

Separation  from  other  metals  of  gronp  V S4S 

metals  of  groapa  L— IT 696 

Trioxlde 180 

Trisulphide 181 

Borax  fused  (nagent) 114 

Boric  acid WO 

DetermlnadOQ 880 

BeparaUon  from  basic  ndicaJa SM 

Bromine,  determination 4St 

Separation  from  acid  radicals  of  group  I E88 

group  n 6II 
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Bunsen'j  filtering  ippontus 98 

■  Btiretle,  Mobr's 86 

Qay-Lussac's , 40 

QiesBlei's 41 

Cadmium 182 

Carbonaie 183 

Delermlnfttlon 838 

Oxide 18S 

BeparaUoa  from  other  metala  ol  gixnip  V MS 

metels  of  groupo  L — IV 58S 

Sulphide 188 

Caldum 148 

CarboDato 148 

CMoride  (reagent),  set  Qual.  Anal. 

reagent  for  organic  amtlfiU 127 

Determination 282 

Fluoride 200 

Hydroxide  (reagent) 109 

Oxalate 145 

Oxide  148 

Sulphate 148 

SeparaUou  from  the  alkali  metals 488 

otlier  alkall-earth  metall «8 

CalculatioD  of  analjsea 884 

Caitonicadd 201 

DelermiDsUon 408 

In  atmoapberic  air 132 

Separation  from  bado  radicals 407 

aU  other  acids D87 

Chloric  acid 206 

Determination 470 

Separation  from  basic  radicals 478 

adds  of  groups  L  and  II 002 

nitric  add 008 

Chlorine,  determination 49S 

iDHUioates 580 

(Reagent) 116 

Separation  from  basic  radicals 481 

other  adds  of  group  n BBS 

acids  of  group  I B88 

fluorine 890 

Chlorine  water  (reagent),  see  Quol.  AndL 

Chlorlmetrjr 898 

Chromic  add 19S 

Determination 865 

SeparaUon  from  basic  radicals 8S8 

oUier  adds  of  gnmp  1 680 

Obromlum 151 

Determination Ml 
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Cluomium— Hydroxide 151 

Glide 15S 

SeparkUoQ  from  alkali  metab 1M 

•lk»li-euth  metals 500 

tluminlum >. 469 

COftl.  uuOjMB 1«S 

coboit in 

Determioatioa MS 

Ore.  nsBSf 7*1 

CobaltouB  bfdroxlde ICI 

Sulphate / ItS 

SulpUde Its 

(Colwltic  compound),  trtpotassiun  cobkltlo  nitrite IB! 

Combustion,  see  Orgtutie  Anait/tS*. 

Copper ■ 1T7 

Hetaltic  (reagent  for  organic  anftljaia) IM 

Determination SIl 

Ore,  assay W 

Separation  from  other  metab  of  group  y 5tt 

metals  of  gronpa  L— IV SH 

Cuprlc  oxide 177 

(Reagent  for  organic  analysis) 12Sand6ST 

Snlphlde IT« 

Cuprouioxide l>t 

Sulphide !» 

SulpbocjraDate lH 

Cyauogen,  determination 40 

Sepantion  from  basic  radicals iSl 

odd  radicals  of  grovp  n BOO 

groupl S88 

Cylinder,  graduated SI 

Distilled  water lOS 

Dolomite,  analysis 129 

Drying  preci  pi  tales M 
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Thurston's  Boiler  EzptosloQ ISmo,  1  SO 

"          Eaglneand  Boiler  Trials 8to.  S  00 

"  Manual  of  the  Steam  Engine.     Part  L,  Structure 

and  Tbeory 8vo,  7  BO 

"         Manual  of  the  Steam  Engine.     Part  n.,  Design, 

Construction,  and  Operation 8ro,  7  tSQ 

Sparta,  19  00 

*■          Philosophy  ot  tbe  Steam  Engine 12mo,  75 

•'  Refiectlon  on  the  Motive  Power  of  Heat.    (Caraot) 

laino,  3  00 

"          Stnlionary  Steam  Engines .19mo,  I  50 

"          Steam-boiler  Coustruotlon  and  OpendoQ 6to,  BOO 
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Bpanglera  Talve  Gean 8vo,  $8  SO 

Trowbridge's  Sutloaarr  Bteun  EnglnM 4)a,  bouda,  8  SO 

Webbach's  BUuu  Engine,    (Du  Bote.) 8to,  0  00 

WUtham's  CoDstructiTS  BUam  Enginaeriiig. 8to.  10  00 

'■          8team-«iigiiie  Dedgn 8to,  0  00 

Wilton's  Steam  Boilen.    (Fkther.} 13mo,  3  SO 

Wood's  TbermodyDamIca,  H^t  Motors,  etc 8to,  4  00 

TABLES,  WEiaHT5,  AND  MEASURES. 

For  Actuabisb,  Ohekiots,  BManiBBK8,  Ubohanics— Hbtbio 
Tablbs,  Etc. 

AdrtsDce's  Laboratory  Calculatlone 12ido,  1  BS 

Allen's  Tables  for  IroQ  Analjsis. 870,  8  00 

Blxby's  Graphical  Computtng  TabU* Sheet,  8S 

Compton's  LogarithmB 12mo,  1  SO 

Craodaira  Railway  ami  Earthwork  Tables Sto,  1  SO 

Egleston's  Weights  and  Heasurea 18mo,  7S 

Ftsher's  Table  of  Cubic  Yards Cardboard,  SS 

Hudson's  Excavation  Tables.    Vol.  11 8to,  1  00 

Johnson's  Sladia  and  Earthwork  Tables 8to,  1  2S 

Ludlow's  LogHrithmlc  and  Other  Tables.    (Baas.) ISmo,  2  00 

Thurston's  Conversion  Tables 8to,  1  00 

Totlen'a  Metrology 8to,  2  SO 

VENTILATION. 
Stsak  Hkatihg— Houbk  iNapBcnou— Mnis  VmriiiATioN. 

Baldwin's  Steam  Heating 12mo,  3  SO 

Beaid'B  Ventilation  of  Mines ISmo,  2  SO 

Oarpealer'a  Heating  and  VentilBtlng  of  Buildings. 8n>,  8  00 

Gerhard's  Sanitary  House  In^>ec^on Square  16mo,  1  00 

Uolt's  The  Air  We  Breathe,  and  VenUlatlou 16mo,  1  00 

Beid's  Ventilation  of  American  Dwellings ISmo,  1  SO 

Wilson's  Mln«  Yenlllatlon IBmo,  1  SB 

niSCELLANEOUS  PUBLICATIONS. 

Alcott's  Genu,  SentlmeM,  Language Gilt  edges,  S  00 

Bailey's  The  New  Tale  of  a  Tub 8to,  78 
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Bnllttrd's  BolnUan  of  Um  Pyramid  Frablem 6*0.  $1  SO 

Buaanl'i  The  Metrologlul  STStam  of  the  Oratt  Fynmld.  .SfO,  1  90 

KmmoD'a  Qtologickl  Qulde-book  ot  the  Bock/  HounlalBs.  .Sto,  1  50 

Feml's  TreatlM  oa  the  Whida 8to,  4  00 

Hott'B  ThB  Fnlkcy  of  the  Present  Tbeory  of  Souad..Sq.  ISmo,  1  00 

Perkins's  Cornell  Onlvertlty Oblong  4tti,  1  50 

RicketU'e  HUtoi;  of  Benaaelaer  Polytechnic  Inadtnte S*o,  8  00 

Rotliorham't   The   New   Tcstsment   Critically  Emphathtzed. 

limo.  1  50 

Tottea'*  Ad  Important  QimsIIod  is  Uetiology. 8to,  8  GO 

Whltehonse'a  Lake  HcsrU Paper,  £5 

*  Wiley's  Toaemlte,  Alaska,  and  Tellomtene 4to,  8  00 

HEBKEW  AND  CHALOEE  TEXT-BOOKS. 

Fob  Schools  Ain>  Thrologicai.  Beuirabikb. 
OMentoa's  Hebrew  and  Chaldee  Lexicon  to  Old  TealameDt. 

(Tresellei.] Small  4to,  half  morocco,  5  00 

Green's  EleaieDUry  Hebrew  Oramsaar 12dio,  135 

Gnmtnar  of  the  Hebrew  Lan^age  (New  £dittoQ).8TO,  S  00 

"      Hebrew  Chrestoniatby 6*«,  S  00 

Letterk'H   Hebrew  Bible  (Haswretic  Notes  in  English). 

8to,  arabesque,  2  2S 
Lnzsato's  Qramtnar  of  the  Biblical  Chaldalc  Langnage  and  the 

Talmud  Babti  Idioms 13m«,  1  SO 

MEDICAL. 

Bnll's  HsterDBl  Management  in  Health  and  Disease 19bio,  I  00 

Hammarslen's  Pbyriologieal  Cfaemistry.    (Handel.) Bro,  4  00 

HoU's  Compoaition,  DlgeMtblltty,  and  NntrltlTe  Value  of  Fwd. 

Large  maanted  chart.  1  SB 

-  gted'a  TnallM  on  the  Diseases  of  the  Ox Sro,  6  00 

"      Treatise  on  the  Diseaaes  of  the  Dog 8vo.  S  M 

Worcester's  Small  Hoapitale— EatabUdnnest  and  HaiDteoaoce, 
including  Atkinson's  Suggestions  for  Hospital  Archi- 
tecture.  12mo,  1  SB 
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